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A, ilgtwt#' ®f ths 
Iteis p^pa.i?«tl@R 
mm4 atistts'ewftiit #1 tl*# •l^tiarieal |5*®.p«iftl.»s «f s4nfi® 
es-ystals .liftSi @.mi Mg^Ge CMfii@«|» silifii# ani 
Tlitt# s®»4®#Kii3#tlfif iat®wwtail4e e®i^@i«iis a#t 
iReiib#i?@ %h« #f ewp0tincl« #f Mffitsiim 
with til# ©Z0«^ I¥i ieait 9@s«aiti'um? ancl^ sl.l|c#fi. 
All ®f th«st ©#^nRi# titw tk#, flwtsfiaje striietwi?# m4 a 
¥altftey «i«€tif©E. t# at®* 3ra*i« #f' ii-l» 'Qa tfot basis ®f the 
appt@!i4«ati#fi #f mmlf fwm «i«et»ns raifht 
b# »3fp#et#4 t© fet tltfeoiifli phas®« ®» 
mmp&min mi felfta^ sytttms a.t« wswallf '©f 
as bavinf t«3.at4v»4f hifh ®i.#«t#4ei:l. e#ii^wet4y4t4®s, 
®iir4«i e@W3f$« #1 tli4« ml4mpmai4 
4nt«t«st 4ii a«»4€@fti«4t4.iif 4»t«aft«tall4i f©i»p®ynis. 
Bj4s Wit «ttif4b«ttfei« a©«tlf t@ th# *tali2at4oii tMt mm* ®f 
«at$t4«lt .iaifkt li«¥# 4»|)©xtaii'% '6«»«i«r@4al. applieaM^fta* 
mmmnSf fmm tfe# 9taitip#4»t #f e#att4bwt4af' t# tli« witi#*-
staaiinf @f s@i4# »tal« ftteets®# aai %& th« ®f 
th« ©f «.@14i»i • tli»' ©f s«»4«©ftiMetiiig 4iit#^ 
a«tali4f' esu^wai# vtiwM# 4fi 4t»«lf,. in v4»w ©f 
4a«#aa«Bpal&.l« v«4m®. #i ttiiii## #f &%hm typ#t #f s««4*' 
e@fiiu$t4ni atat9r4aJL»« 
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As a c©ntjribytion tO' th« ®t®r« data ©n tha properties 
©f fiatttriils, th® cl«ttn®ln®tl©«, of th# intrlnsi© eharact«r-
istics ©f InttHietailic <;®fflp®«nds w^yld b® ©|^¥aly«* Hawev@r, 
of gr®at«r vaiy« »yid b® tht contrifoutiott t© th® basic undier-
st«indifif ©f f©llis in g«n#rai which t systematic study of 
ifit@i«etaH4c. c©»p©ufi<4s wtyii aff&rd* Sine® th« nimber ©f 
fcn©wn ifit#rm»taXiic coapeyads is vmy largt, extensive eoipir* 
ieai c©rr#lati©ns. fostween ntlting p©irit$, bindintf afierg4«s, 
crystal stryctyr«s, charg# carri»r iB©biliti@s,. BsagMtic 
prepertitSi a^nd oth@r factors in diatonic Xatti€«« cowld bt 
g®intd. inasmych as iiist«w»t«liic coapoynds ©©var tht rang# 
from »«tallic typ®s. to typictily valence typ«s and «v#fi parti-, 
ally ionic types of c©'iBpoyfids,. th«y may strve t© t«st the ^coki-
poynding ©f siapl® theories. Ais©, by examination ©f eajpir-
ical rtsylts in th© light of pr#.s«nt theory, iiaprovsaients in 
the thtory ©r ntw th®@r4«s aty b« ••©ygf^stsd. 
'This invdstifation had as itt ©bJ«Gtiv®s tht followingi 
(1) t© d«t@»ttin« th« praeticabillty ©f ©bttininf high-pyrity 
single crystals ©f MggSi md (t) to «ststfoiish that 
thts# t*i©' coBipoynds tr® s«®ic©ndyct@r#, (3.) t© mm-Bum th# 
@n@rgy stpiration of the vaienc# .and conduction ba.nds ©f thts# 
c@mp®ynds, (4) to d#t«wRin@ th© aiobllitifts of charge ca.rri®rs 
in th®s« c©«p0ynds ©vtr a widii temperatyre rangt^ C5) to 
d9te.mlm th« applicability of ©Kisting th«©ri«.s t© thes® 
Materials, C6) t© asctrttin ..the aain f®ct©rs eontribyting to 
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th« prop«xtlt$ of th«se coapoynds, and (7) to ©xaain® the 
p0ssibilitl#$ ©f fu3rth«r research on inteimetalltc csmpounds, 
Mafn^siw sllicld« and ««gi»®sl» femi*nld« w#r« ehdsen 
to .b# studied b.«ctys® they mmhets of a class of cospoynds 
havirug th« highly sy«ttricai fluorspar structure. Strycture 
c©r»iid«raitioiii$ alone indicated that ««t@ri«ls with the flyor-
spar stryctyr# shoyid poss€ss inttrssting propertits tnd b@ 
iBore aatnablt to th®#rttlcil analystt than Mt«riais with 
less syioittrical stryctyres* Mtrtover, a ®tydy of the proper­
ties of MffSi and MfaG® s®««td partieylarly pronaising sinc« 
t¥®ntyiliy thtir prop»rti«s c©yid b« corrtlattd with those 
of Mfgin and Mgtfb to gain m id«a of th« r®lstiv® inflysncts 
of th® r«lattd ®i«®nts silicon, ftBRtnlym, tin,and lead. 
B, Entrgy Bands in Mettllic Corapoynds 
An aniiysis of th# eiectrical behavior of varioys syb-
stanc#s bas«d upon stryctyrai consid«r«tiQns is glv®n by Mott 
and Jon«s (37) • ^Th^ method ©f analysis tiiploys th« approxi-
aiittion of n«trly free tl#ctrons to dettraiin® th® nyabtr of 
eltctron states per tnftrgy band. Accordinf to this.approxi-
astion, if i is th« volwn® of th® first Irllloyin ion® and V 
is the averagt atowic volume, th«r« tr# 2W.stat«s ptr stom 
in ttch «n«rgy band^ Th« voly®# of the first Irilloyin zone 
is det«»8in®d by .th® crystal stryctwrt. If, on th« tvtrag®, 
thtr# art 1 valence tltctrons per ttorai, thtn N « H/tVf #n#rgy 
bands art filled. If N is a whole nwb@r,, th® M lO'WMir lying 
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eraerfy bands are -ctapletely filled, and ail hlfher bands ar« 
C0«pl«t©lY tijptyi in this c:®8« tht tttterial is an insylatoi: 
or sewieonductor* If N is fr«sti@nal, the highest entrgy 
band eontainins tl.eetrons is only partially ©€c«pi«df in this 
case th® iatt«rial is a conductor. Ih« n«irly fr#® electron 
approximation cannot b® »Kp®cttd to yi«ld quantitative valyas 
for the separation of «n®riy bands., Th« @n«rfy band© may 
evtn overlap., and in this cast tht aiattrial gtnortlly would 
be t conductor. 
For co«po«nds having th# flyorspar stryctur#, V « 
and.W' » Va^, wh@r« a- is th« ynit ctll «dg# lenfth. Thus, 
ther® are 2/3 states ptr ato» in each tntrgy band. For 
MgfPb, MfjSn, and %tSi, R « 8/3 and N « 4, and thus 
th«s# coaspounds should be insulators. On th« other hand, for 
AuAlf, Ay^«2, and Awing, ft ® 7/3 and M « 3 1/^, and theso 
coapounds should. th®n b« good conductors s.inc« th«y would 
h®iV® half-filled energy bands. 
In th« cmm of Mg^Sn, M§fQ% and and most 
othor cowpounds an interpretation of tht bthavior of th« 
materials is possible on the basis of the chomical bonding. 
,lf th» «lectroni€ configurations ar® just right to form co-
vtlont or polar bonds, th« Materials usually ar« insulttorsi 
if th@r@ are an odd n«^«r of #l.«ctr©ns per formula group, 
th« materials should b® conductors* Th© ©norgy band theory, 
hotsevtr, has b®«n -iior# universally applicable than chemical 
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boadifif im tk® «I«etifieal fetlmiriajr ®f 
Ill ffiftty ie®«p®€t« th« mm eqyival®fit. 
wl4®»® to#iiavi®3r is iif#ie«lt t@ ®3f|^ltifi ®ii th® 
basis @f €li«le»l te».fiiiaf is sturti®^ by J«®ii afii 
Lmtz i$0f 31}* Cti»i*« has tm mlmm «l®«t^n» aii4 aati-
mnf has five* l®ttit klmiing ®<^aliy ®p|N>-; 
sit«ly «.lia»f®d i@ws, m4 li@a@p©lat M«dtifti ytqinir®® tfe® 
paisiaf @f ®i®«tPiii tpint. f^w#, .ii®itli«je typ® ®f 'bifi4inf 
»ay fe« c@ftsii®3e»il f@*' #iieh hm m ®f ¥aXe«ee 
®i«6t^ns p®£ «%#»« 3mti mA hmtm e®i%elu4®# ^at a fiR®tal« 
lie typ® toin^iiif «ii§t li® aisi»®4 ani ttiat 6®»|»I®t®Xy 
fiXiti ®tt®tfy foaai'S a-ir® »esp#»#ibX« im its «®«i€«.ni*ieti«f 
'p]r®p®7%i®§« iy ssakini @nXy atsviaptiefis #@»«®»aifif tl)® i&iry^taX 
itinietyir® i^ieh wrnm with ti® avaiXailX® %*-mf 4ata, 
Jy,sti aai ta«t« sh®»i®ii that 0a tti®' ba.«i« ®f tli® a®airXy fx-e® 
®X®ett®^i^ api»t®Ki'aii%i#ii li® a a«ai6@fi^u®t#s'^« Tk®y 
c@a«i#«ir®i th® mm9.qmm9M @f CM^ having a faee-eeat®*®^ 
ojrtli®3rti:®fflbi© stirii«.%wir® 'with IS at®»s p®^ mit eeli. Vm this 
eas®, if a|, a^, a| «® tli® imit ©«ii «if® l®«fth®, 
W « Va^a^®! aai V » a,aja^i$, tti«re w&wXi b® i/2 
Stat® p«t at®« in ©acli energy teani. Si,ne® tli®r® are ?/2 vai* 
eii«® @ie#tje@fts pese at®», ttie fi^st 7 «-ne»iy bai^e mul4 foe 
c®«pi®teiy, fillei. this is a stxiieiiif *esMlt ani .iea^nstrates 
tli® ysefylness ®f the neajeiy fare® ei®eti?®ii appi?@iiiiaati©-ii fQW 
6 
qMalittttvely Interpretiiif tht ®l«etrlcal fo@havlo2r ®f solids# 
In it afp@»»s that thmm is t gjrestei' #«pirieai than 
tbt^reti^al imtitimtim im its ust. 
1 
II. BiscussioM m tm siaits of a»pmM>s 
MifSn, MfaO#, •Am «giSi 
A, PMm Mtgrams @f th@ Systems 
mmm (23) givts th« -phase iiafjias f®!- th« syst««s of 
ra#gii«iiy® with i«#4, tin, aai siHeo-n ilo-iif with dis-ewtsions 
of th® syst®«s «iid 6Q«pi@t« foibl4og*apW®s. Th® phts® dia-
gfaiis p«-®«®nt«d hem differ ixm tho®® fiv«n-|>y ir» 
that th« ii»fa®sii«®«®i$-h regio-n-s of th® diafi'aias ar® based 
•wpom mow r®e#iit data md tti® ditf.rt«i aae® plotted ts func­
tions of atoaie p«ye#»itaf«s of the. oo«ttity®ttts- rattie-r than 
as mi§ht'fh-# mim wmmm for iaelwdin-f th® 
•p-h»s® d.i-«i3f®«s h®r@ mxm to afford.a.- mo-i"® c»pl®t® basis for 
oomparison of the s®ri@$ of ©onpow-nds a.iid to «id othors *Aio 
way wish to pr«par@ th«»® ooap©«ndt. 
Figwros 1| 2, 3| a-nd 4 are th«- phate diagrtms of th® 
sy:ft#»$ of wtfnesiw with l«ad, tin,.. s«SB«wiii»| wid silieoji 
resp#oti¥®.ly. Vm til i&m systoas th® r®sMlts of Stynor (44) 
htv® boon us«d for th® eojastrMetion of th® phat® di«fra«t for 
th® maffiosiwft-rioh reftows Cttp to th® «wteoti€ oompoftitions 
on the «afii®siy«-rioh side-s -of th® dia.frMBs).. It i-» beli-®ved 
that .Ityfior's ffl®a#ttr®»®iits «r® th® m&t psmim m4 reliabl® 
that hi¥® b««W' «ad® for th®s® sys-toiii, b«t his »«-a»Mreaents 
covered only the rtnfes^of © to 21 atoaie p@r e®iiit lead, -0 to 
12 atomic p®r cont tin, and Q to 1 atofflie per eoat g«r®«.iiiiHn 
and silicon. 
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Figure 4. Phase diagram of the magnesium-silicon system. 
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ResMits by various investigators for the critical points 
of th® fflagnesiwiead phas® diagram ar# given in Tabie 1. 
Th© phas® diagram in Figure 1 is essentially that given, by 
Hanseni th« principal difference being the revision of the 
inagnesiuwrich side to conform to the data of Raynor. The 
valw© of 550®G obtained by Kyrnakow and StepanoW' (34) for the 
8Q®lting point of th# coapoynd Mf^ Pb comparts with th® value 
of 551®C obtaintd by Grub# (20)» Grub# included photOflBlcro-
graphs of raafnesiyiB-iead alloys contsining respectively 1, 
10, 45, and ^  weight p©r cent aagnesium. 
Table 2 gives values obtained by various workers for th# 
critical .points of the magnesi.ywtin phast diagram, Th® 
phas® diagraii in Figure 2 is tssentially that givtn by Hansen 
corrected to conform to tht data of Raynor for tht reagnesium-
rich region. Tht value of 778®C obtained by Hunie-Roth.eiy (25) 
is probably the most reliabl# valu# for th< melting, point of 
th« compound Mf^ Sn, 
'Th# iiagaesiua-feraaniuw phase diagrarai in Figure 3 is, 
except for the Mg*MggQs eutectic point, reproduced from tht 
on© given by Kleiaia and' iestlinni.nf (32). The Mg-MggSe 
eutectic point found by Raynor was at 634.72®C and 1.15 atomic 
per cent germaniuia. This coiapares closely with the values 
635®C and 1.2-1.3 atomic per cent found by iClefan and lest-
1inning. The melting point of the compound MggQe was found 
by Klemai and Westlinning to be 1115®^ . 
Tabi®. 1 
Critical points of th« phase ctiagrara for the magnesiijH«-l®ad syst©ia 
Investifators Melting 
point 
§yt#ctic euteetic Salybility 
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The «9-ii9,gSi euitectic point shown for the msgnesiw 
silioon systeia in Figure 4 is from the d«ta of Eaynor who 
98vt th« vmlum of 6J7.6®C and 1.16 atomic per cent silicon. 
The remainder of the phast diagrsfa was ,bas®d upon that pre-
s«nt®d by Vog©i C57) correcttd by « $cal© factor to make his 
¥aly« C645®€) for the Mf-iigitii ©ytectic SBtlting point agree 
with that obtained by ft«yn©r. A similar scale factor cor­
rection brings into good afr®««tnt with th# c©rrect@d^  raswlts 
of ¥og®l th«. phts« disgraia obtained by Wshltr and Schli©phtk.e 
162), who reporttd 62f®G for th© Mg-MgtSi @yt#ctic weltinf 
point. Th® Justification for th« seal® factor corrections was 
bastd upon th® assMaption that the ttuperatures atasured by 
# * 
Vo9@l and by 'lohlar and Schlidphake w#r® proportional to th® 
tru« t®aperatiir«.s» The valu# of iO'90®<3 for th« w«lting point 
of th® coapoiind tt§fSi is probably aior« r#liabl® than any value 
prtviously stated in the litoraturo. Th« correction of th© 
data of Vofel gavt the valut 10'90®C, and th® correction of 
the data, of *ohl®r and Schlisphik® gave th® value- 10fl®G for 
th® latltinf point of MffSi. Howtver, it should fo@ pointed 
out that previous aeltin-f point d-eterminations have b@tn for 
MfgSi samplt-s fo»ed fron silicon o-nly of about f9»5 cent 
purity. Thtr-efor#, the atlting point of Mg-g-Si say actually 
b« soBitwhat highor than 10f0®-C„ 
Schmidt C4S} included photomicrographs of specimens of 
ma9n«siy®-siii-coa alloys cohtaininf fro-a 0.16 to 1.73 atomic 
per cent -silicon. 
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Thm pfea»« disfwas CPlfyi'es 3 md 4) f#!- the maginesiynt-
g0.mMmim mM ma§nmim-$ilimn $fst«s d@ mt Indleat® the 
iifflit-®f »@1W solubility ®f feaanim tni silicon in raafnes-
iwa, .ideiMi and Westlinning eonelinied that th« soiiibility of 
g»m»nim in mafntsiuea is less than 0*1 atonic pear emt at 
th« tytecti© »@ltinf •tempearatMr#., «diile Rayn@':r plaeed th© 
»pp#r solid solybility iiait tt around 0.«003 atoaic ptr cmt, 
Eaynor also plaesd the ypper solid solMbility limit of sili­
con in mafn«$ii« st about' 0»Q0J atmic p«ir e«nt. 
Usinf X*ray sat-thod# Kl@w and Itstlinning (32) investi­
gated th# phase widths, of the e®»p©wnd ph«sei Mff.pb, MgjOt, 
and .Mg.|Si* Th® stoicnioaetri© eoia^oynds mnt&ln 66,67 atowie 
p« eant raifnetiuw., f©.» iOigntsiwM-ldtdp »afntsiwa-9«Mtiiiiaaj 
and iwfn«si»»sili6on alloys oontaining 66 atomic pear o@nt 
w.fn«siy«, iat« and Wt'ttlinninf je#p©3Pt®d that X-rty dif-
function patterns contained lines dw« to «l«i«ntil' load, 
9tj|««niM9., or silicon to stwinf that th« solubility of those 
eloaents in the fespoetivt coapound phaws could not hav@ 
txcoodtd soao hundirodths of an .ttoalc pot cont# Hw«-a©th®ry 
(26) i:«p0:et«d th«t th« Mg^Sn phase width Is vory ifflall# 
for th« cofflpound phasos to^oMtond to th® aafnosiwxich 
sldo iTft^iuiire't that som® of th# anion sitoft bo vacant, and 
mtemim to th« mafnoilyBB-poo® sido iro'Cpiljees that soa® of 
th® ®afn«sii»i. sites b« vacant, i^parontly th® fluorspar 
structur® I# lnt©l®rant to ymmt lattlc® slt«t#. 
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B. Structures of th« CQiapoy-nds 
All &f th« citap©«nis MffPb, .Wf^ Sn, Mft©#, an<i Mg^ Si have 
th® flmmpMs stwmtux'&, the flwxspti?. Btmctum I® cubic with 
iit9fit#si«ii atoms in the Ci/4,.1/4,1/4| 1/4,.3/4,^ 4| 3/4,l/4,3/4| 
3/4,3/4,l/4| 3/4,3/4,3/4| 3/4,l/4,l/4j l/4,3/4,l/4| 1/4,1/4,3/4) 
positions and tht gwup XVl at©«s in the (0,0,Of €),i/2,l/2| 1/2, 
0,i/2| 1/2,1/2,0) positlo-rjs withiii a unit cell. Figyye 5 shows 
a unit ©ell ©f the flwrspaar lattice* T®bl« 3 suramarizts th« 
i-eswlts ©f lattice eenstant 4#tenainati@ns toy various wiarktrs. 
faM« 3 
lattice mmtmt 4«t®a»inatisns 
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a 
J. T« Hexton. Unpublished 4ats. ©^ted by tebertson 
an<i Uhiif (45), p, 2. 
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Ol 
Figure 5. Unit cell of the fluorspar lattice; 
the blackened circles represent X 
atoms in the formula X2Y for com­
pounds with this structure. 
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Saeklswfeki C47) • ascribed fac«-6en.t#jred stryctur#® 
to Mf|fb m<i *g|Sri| l»®»ievti', fslmi il$} was tii« first to 
«p«$4fy ftup!fitly th# tt«u«t«i« #f tai fiyllnf 
(3'9)i th® fixst t® iptcify th« «tryet«t« at .th« 
stirwetwae®. Etntl and -Katser -CiS) 4&%9mim4 that 
h94 th» §tsmtum m4 •©©nfitfflti tJit ®arii#f 
dtteaintti^iis f@* .and .MgjSn» ,Ow®a and Pi«,st#ii (38) 
fmti4 that %'gS4 tit© hid tti# fly®jctp®x • ttruftw*#, 
Of, tl4«-lattiee'.eensttat d#tei«iiitti©as ttoos«-.by Kltiw aad 
W®stllnnin9. appear t® fet tfe« «©st ietiiabl«« Ih&l^ results 
f@r tht t«ri«s ©f 40®p©-Miids^ i»«v« •&#»« el©s«ly v#rifi«d toy 
®tli®r 
Tttel«-4 tabulatts , th« ljittxat®»le sp«elaf-s c@*pwt®d lr@« 
the little® ®®n«tiiit». by .m#».a#id iestlinninf f@r 
the MfgX e««po»iids (yhti:# X d«ii@t#s. «lth«.if Fb, Sa,.' <3®,- ®r Si)# 
fabl® 4 
Iiit»r«t<i»lc spieinft in Mg^JC i«ttie®s 
spacing »pa«ifif spasin® 
' radiw* 
ih ill.,, ,;. ; .(Al., 4), ll .A , 
1.49 Mfafb- J.4© a.f5^ 4»8l i.46--' 
MfgSfi • 3,3i 2,f3 • ' 4.n • • 1.40 1.53 
M9t®« 3,19 2.77 4.51 1*22 1.55 
iftSiSi • 3a7 4,4S 1.17 1.3a 
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In. fafoi# 4 tfi® values for the X radii ar@ tb« covalent 
radii dtdwcad bf jpayling (40), Th# difftr#iii.c®» fottw««n thus® 
rtdii ifid thf ©sl€«i»t®d M§»K spacings tr« the M9 radii iisttd 
in. the tab.l#. -In aagntsiya »®tal the effestive .«§ radius is 
1,.60' 
C, Previous Studies ®f th« C©fflp©unds 
the 6'aiBp0n«.nts 9f mafntiiua-iead and wagnesluia-tiii .alloY 
systt®$ iiav# qiuite Im r#«istiviti«s in th«ir pur® forms 
(4»6 x iO ©hM-ca for Mf, 22 x 10 for %>, and 
* 6 
II,,5 K 10 oh«-€«B for Sn at tO®C)» Th© mere nearly tti# al­
leys «f nafaesiw-ltad ©r approach th« eomposi* 
tions of th.« e#»p@und phaset or th.« hifhtr are 
their tl«ctritai resistivltie-s. itofe-ertson and tftilif (45) i-e** 
•parted, that at 20*G tht r®tistivity ©f MgfPb wt$ 2S3 sc 10 ^  
ohta-cm and the r«sl.stivity of MgfSn was 0.42 ©hm-®m» Lower 
vtlu-ts wtre reported by St^ pmm for MfgPto (53) and Mg^ Sn 
(54, 55) «nd by ©rtibe and ¥0'$s.kuhler (22) for 
.©arlitr mric#rs did not hav# saapifs of as high purity as did 
b^-®rts©n and Uhlig.. 
• • 
Grufo® i.nd Vosskuhler observed that their »afnesiua-tin 
saiaple with 32 atowic per eent tin had s nefative temperature 
GO®ffici«nt of resistivity above 525®C, but th«y did not re-
iiliz® that this mm due to the staicondueting pr©p«rti«s of 
th« eoapound MfaSn*. Robtrtson and ttiiif w@r« the first to 
report on th« settieonducting characteristics of MgfSn, 
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They th# eltctiricai e©r»ductlvity ©-f an n*typ«: sa»pi# 
for tei»ptir«tyre$ tmrn -185®C t® 560®G, and found that its 
c#ndycti¥ity could be rep3r@s«nt®d by 
cr St A .®itpC»B/ict) 
wh«i?® 
A « $9 otw"'€.»*', i s 0t05 «v. f@r -180«C< f<-17»C 
A « J6?0 B » O.ljt ©y f#»-i7®G<T. 
F:tOii thtiy »®a8ursii#ttts 4t »ay be eontiudtd that the #ifi®r§y 
band s«p«3eati®n MfgSn is 0*2;6 ©leetron v@itf, 
fiQfo®rts©n «Rd liilig ais® Masured th# elmctnlc^ l resis­
tivity ©f '©at saiaple in th# tewptratui?# i?«ng@ 20*C 
to 160®€» In this t@ap#rature ranf® th@ resistivity increased 
llnmtly in «6e©^ danee with 
 ^» 20a a -0018 K rn^ b^m Gm» 
This ttfwit it in lecerd with th# f®syits ©f eai^ liei- inv®sti-
gatsrs# It thus «pp@ar» that w#y not to@ a s®iaic©n» 
dytetojr, fowt yathtir it »ty behtvt as a p©©irly cendueting Mt«l» 
mwrnm^  ©vex* wider t®iBpei?ata» rtn§es ©n singi® 
e-ryitaHine saaplts ©f proven hifh p«rity stm yet nt«d«d t© 
estiblifh th« true nttw^ e #f ttfuFb. 
itltaks and 2huz® C6) als© a?®p©rted wpon th# eleetrietl 
pr©p«*ties ®f MftSn, but thtir results mm f©r a powd#r«d 
s®apl®. Th«y ©btained 0.3 ev f©r the intrinsie activation 
®n®:rgy md absut 10 €fflVv©lt-»'Se€ f©r tht electronic aobility 
at 20®C. S-ysch and »inkl#r (8, 9) ©bttined a vil«# ©f 0*26 
«v for tht energy band s«par«ti©a in MgaSn, 'Th# nost r«cent 
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work ®n was that of Blynt, Frederikse, and Hosier (4), 
who stydied th# electrical and optical properties of sinfl® 
crystals of the coapownd#' They reported that th» ratio of 
electron to holt wobilitits was 1.2 and th»t the electron 
& 
mobility at 78®.KI was 3300 c«/wit-sec. Th®y obtained 0»^ 2 ' 
$v for th« #n«rgy band separation in Hggin at 0®IC.» 
Pwring the c©yr&« of this invtstifation Bwseh and liifikler 
(8, 9) reported on th# high ttaperaturo conductivity and Mall 
effect of polyerystalline Mft®e and MgtSi, Polycry&tals of 
cowpoynds t«nd to hav# e«t©ctic inclyded at grain boundarits, 
and for this roason they studitd only the high temperature, 
intrinsic properties of the coispoundi.. 'They ofetaintd as th« 
tnergy band s#partti0ns #v for MgtGe tnd Q*7 tv for 
MggSi. Accordini to their results th@ Hall mobility varied 
* $/ M 
approximtely as T 
Busch and Winkler (9) also' stiidi«d »ix«d crystals of the 
form MggQejjSnt-x whex® x vsri«d froa 0 to 1# The lattice 
constant varied lintarly with m fmm 6*750 A for Mf^ Sn'to 
6.373 ^  for tccordinf to their ffl#tswr®»ents* llio acti­
vation tntrgy for condyctivity varied fr©« 0.26 ®v for «ftSn 
to 0.57 tv for MggQe, 
i«sid®s th# electrical resistivityother physical con­
stants of the i»agn#sii«Q-iead and uagntsi^ uaj-tin systems hav® 
their @xtr®iaa for th« compound eowpositions. 6r«b© and 
Vossktliiler (22) found thst MgaSn had a smtlltr th@m.al txpan-
sion than any other asgnesiuft-tin alloys, -Robertson and 
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Uhiif C45) fdiand that the thermo^ lectrie. f>ow@x« were far 
greattr for the CQapownd concentrations in both aiiQy systems., 
Seith and Kyfoasehtwski (49) d«te»i-n#<l that the heat of 
foraatl©n &f MgtPfo was 4»2 kiXocal©rl#s / fraiB-'atoiB or 12.6 
kii@calorits /formula«w®ight* Kyfeaiehewski and Itlter (33) 
reported thut at 600'®C iuagnesiyaa and tin re®ct»d, and in their 
experiments the reaction inereastd the temperatyre of th# rt-
actants by 20§®C, Thty fownd that the heat of formation of 
MftSn was 5.7 itilocalori®s/fram»ito» or i7»l kilocalorits/ 
for»ylfw#i9ht« 
Asswiiing th€ th#®ry of idtal dilute solutions, Hyroe-» 
Ikithtry (25) ©aleylattd the latent h«at of fttsion of ®afn#s-
i«j» ffo» the data on th# lowering of th# «ltinf point of 
mafnssiyii by th« addition of tin» fh® assyraption that tin 
was prestnt only in Mg-gBn aiol#twles l@td to the valy© 106 
calori«s/§ra», whereas the as.s«®pti@n of Mf<|.Sna raoleoyles lead 
to the ¥alue 58 calori-ts/graia for the h«at of fusion of aa§n©s-
i«. The sctyal valu# for the htat of fwsion of ®a'gne$i«® is 
$6 calories/gram which prompted HuB»e*S0thtry to eonclyde that 
the ®oleeMl« ttg4Sn2 #xist®d*. a©b#rtson and Uhlig (46) -re­
ported on the oh®mi«-dl proptrties of MgaPte and M§g$n*^  
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III. PMMRATIOM OF SAMPLES 
A. a«n®xal Pro-csdux# 
Th® c©»psswnd.s Mg^ Ge and MggSi w«r® foanatd fey reacting 
the • c©nstit«tnt elejB#nts in fxiphit® crwcibl«s at ttmptra-
tyrts ab@v® the m«.ltin9 points sf the compounds and cooling 
the -Molten oxn'pounds from the bottom yp to obtain large' crystal­
line grains. Single crystals of the corapownds were isolated 
froffl th# polycrystalline ctstings by the Airbrasive process. 
Magnesium' of 99*99% purity and silicon of 99.95^  purity 
obtained frona th# A, D, Mackty Coaapany, and gerioanitim of 
greater, than 99.9^  purity obtiined froa the Eagle Picher Com-
ptny were used to fona the compounds. The magnesiiaa and ger-
ffltniuBi were used in th# foi» of cast rods, and the silicon 
was used in powdered foai# The iiagnesiuni rods were cleaned 
in dilute nitric «cid, and th®' geratniw®' rods were cleaned in 
GP-4 etchant before they were used. The CP-4 etchant is com­
posed of 15 wl acetic acid., 25 al nitric acid, 15 »1 hy­
drofluoric • acid and 0,3 si bromine. 
Stoichioaetric proportions of the•elements were used for 
formation of the cowpounds. Usually the sraount of Material 
used was that calculated to foe sufficient to result in a three 
inch long cylinder of 1/4*' or 3/8" diameter. Small castings 
were wade in order to utiliie spectrographic purity graphite 
crucibles lA^ ich could not be obtained larger than 1/2" in 
outer diameter, and to conserve miterial. To obtain 
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a sawple of ©©aipound. the weifhed. ©lewent© wer© placed In a 
graphite ejeueiiji® and heated to tht nielting point of th@ co«-
pound to be fojw#d. the crucible was.thsn laadt to cool pro­
gressively froii the bottom to the top-.. Th@ bore of the cru­
cible tapered to a point at the bottoa, and the hope was that 
cowpound crystal nuclei would for® at the bottom and grow 
upward, and that til but t fm of th# crystallites wj-uld be 
crowded out towards the top of th@ castlnf. The largest 
single crystillitts of Mgga® and IgaSi obtained wer« about 
1,5 c® in lenpth. 
The Hialting w@@ always dent in a helium atmosphere to 
inhibit ©vaporation of the magnesiua* Since the welting 
points of Mg-gSi and llf2<Se 11® at or tbov® th« at»osph#ric-
pressur®'boillnf-point of fflifntsiu®, th@ foriaation of the«t 
compound© was executed in hell.» at gauge pressures of 20 to 
100 pounds p«r square inch., iwn th«n care had to be exer­
cised not to eject mignesiu® fr@» th® mtlt. 
tefneslu® silicid© was prepared in tht induction heating 
furnace described Itttr. An atraO'®pher© of h@li» at a gaug® 
pressure of about 20 pound'® per square inch was us«d in th# 
furnac®. A th#ra»tl path between th©-wattr-cooled base of the 
furnac® and th® bottom of the crucibl# caused th® crucible to 
cool fjrom tht bottom up» The crucible was inserted within a 
previously outgassed graphite htatlng block in ord#r to make 
the heating of the crucible mm uniiom and to slow the 
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cooiifig of the »©lt»^  The teaoptfature of the crycible was 
mmmx94 by a tht2ria©«9Wjple in-s®rt#<i throwgh a hole in th« 
h-«ttin§ 
ttagntslwB feraariide was prtparei in th# boab-typ® furn­
ace described latsr» A heiiiM atwisphere at a prtssyr® ©f 
So p©«n€ls ptr square inch'was intredweed int@ th# fyrniee at 
r©©m tempmrntum-t Since an appr#ei«bie part ©f the interior 
space ©f the fyrnae« was in the htatad ZQn«, th® pressur© 
probably r©s© to ©v®r 100 pounds p«r sqytar# Inch during the 
fo»aati©!i ©f'th® €©Bap©wnd, Induction h©atinf was used, and 
th® h#ating c©il was m l©cat®d that th® t©p ©f th« crycibl© 
wts h©ated mme 50'-75®C: hightr than th# b©tto« ©f the cruciblt. 
Alth©yfh the t©p and bottea of th® crueiblt c©©l®d at ab©yt 
the sa»« rates, @©lidifi€ati©n of the atlt procteded upward 
froa the b©tt©m. This typ© ©f faraac© wwld pr©bably be 
superior f©r the formation ©f jigfii* 
Qnt difficulty which was axptcted, but which did not pre­
sent itself, was that ©f mixing th# aolten @i®«ent8, Appar­
ently thej»al agitation was.sulflcisnt to caus© complete 
mixing of the canstit«ents* In th# cast ©f and 
silicon th© reel tint p©int ©f th# c@.fflpouad is lower than the 
malting point ©f on© constitutnt "(silicon). Sine© the sili.c©n 
used was in finely divided for® it nay hav© dissolved in th® 
aiolten laagnasiua, or the heat of f©ma.tioR of MfgSi may have 
aelted th® small silicon particles. In any ©vent conpltte 
BBixing (and usually c©tapi@t® ©©mpound fo-imation) resulted 
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upon heating a-afoesiira and geriaaniua oi? iiafiiesiuii and. silicon 
t© aj-owfid il25®C. 
The graphite crucibles mm satisfact@3ry f©r the prepa* 
ration of .laagntsium gtrmanidt, and th«y w®r@ ussabie fox the 
foraiation ©f aiagnesiuia silicide. However the magnesian* 
silicon .a®lt very thoroufhly w«t the graphite cruciblt walls 
ind may hsv® ir«act®d slightly with' thera.. principal dis-
•advantafe ©f using graphit® crucibl#® for tht prtpiration of 
iiafnt'Siuffl silicide was that th.® C0a.p©u.nd foraed in layers 
along tht .crucible walls leaving voids down th© center ©f the 
castings. The .graphit® crucibles were cltan@d with acetone 
to rewov® any greas.® and oil in th#a rtiaainini from machining 
operations, and thty wtre th®n ©utfasstd at^  1200--1500*C in a 
vacuum of 10- of Hg or less, before they wtrt used. 
Mt@.r the coapounds w®r© solidified and cooled, the 
crucibles wer# carefully cut away from around th«a. For niag-
nesiuii gemanid# thret lo-ngitudinal cuts though tht crucible 
wall w®re wade, and th# resulting thre« stctions fell away 
froia the casting, it was necessary to cut away the crucible 
by the Airbrasive process in the cas.@ of aafnesiuiii .siliclde. 
Scraping the casting walls with tht t@«th of a fil# re­
vealed .macroscopic grain bound.arl.«s of mafnesium 9@r«anld®.« 
Polishing by th© Airbrasive proc.®ss r«vealed iiacroscopic 
train boundaries for both and Mg.tSl. i© ch®mlcal etch-
ants w©rt found which wuld rev©ai grain boundaries for any 
of th®st cofflpounds. ?olishi.n9 enabled a distinction to be 
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aadi© between c©»p0Wfid anci eutectic phis.es ynder .microscopic 
©xaainatiorn. A'superior etchsnt for revealing ©utectic 
phases mm 1# hydrofluoric acid in water*. 
Sinfl# crystals wers isolated froa th# ca$ti.n9s by tho 
Airbrasive process. The f»ost sen.sitivs check o^ n the pyrity 
of tho.s# crystals was tteaswr@m#iit of their electrical con» 
d'uctivitios, lower conductivitie® indicating higher purities* 
Eefions of th« castings adjacent to th# location of isolated 
single c.rystatls were @:^ aiained microscopically| th# rtgions 
©urroandifif high resistivity crystals ysutlly revetlod no 
©ytoctic phases. The single crystals th©ii§ielv«§ were examined 
microscopically., but the surface finish' produc.ed by th# Air-
bra si vt cytting was too coarst to reveal stryctural infor-
iB.ation.* Sinfl# crystals of th# cowpo-wds cleaved very ttsily. 
ISagf.no.siy» silicid® crystals wtre quite corrosion .resis­
tant and w®r@ loft in rooa tir for siM »nths with no detect-
abl® OMidition occwrring. Wafntsiw goiwanid® crystals, on 
the othor hand., .showed a visibls omngo coating within a few 
dtys whtn loft in rooia air, and for this roason they wore 
stored in a vacuua dessicator. 
factor which favors th# growth of larfe stoichio­
metric .sinflo crystals'of .MggSi and Mfj©# is th© narrow phase 
widths of tho'so compounds# The aothods ©aployed, with suit* 
ablo rtfineatnts and with e»Ep.«rience, could probably yiold 
l.arf©r tingle crystals of Howtver, unless .a aore 
satisfactory crucible »at«rial wat found, another method 
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sh©M.l<l htv# t© bt to nbtain. large slafle crystals ©f 
Strttiitiy th« ra@tliod um4 m sMeeestfwlly f@r ®b-
talninf ltrf« s4fifl« ©rystals @f sli©«14 fe« tried* 
This «tth#i €©»tist:s dippi«i a- fa«# of a s##d c^ rysttl Int® 
M#lt«ii e@ap@«d th«ii sl#wly nithirtwlnf it# iy precis# 
cmtml ©f tht tfiii^ ®rtt«x® ani withirtwtl ^ rat® a sinf 1# crystal 
®ay'in this «ifli»«r"be »piall#d*' imm th« ®«ltt This «@thod was 
not um4 dwrini thit b@©awst it rtqpir«d wain* 
taininf ® aelt of hifhly m-mtim «@iip®i*#fits «t hifh t«»p»ra* 
twrti ler a rtlativtly 1®b9 tine, «ad it r«qpir«d a mm® pm* 
eit« e©.fitr©l systt» f©r th# im4meti&n h«atiii§ than m» avail-
-»w«, 
C#«rttinly p-iirifieatid» #f th« c&mpmM^  by fining 
•(43) sh®uld b« tri«d* Tliis aty mt b« prsetleabl# f@r hifh 
atlting point ia«|ffi#$iutt e#'ttp@urad%j fintt mmmim mafnatim 
«iy b« l@»t' imm th@ »lt#fi rnrnrnm- frt€ti@fiil r#^sryitail-
i^ ation, aith#u§h m®rt tin# e@fi»*»iaf.,„ »ty pr®v® t@ fo« « bet-
t#r- »®th#d #f ^ bttiiiiris ¥«ry high pwrity e®i^ @yiids. for this 
•Immtig&timn the purity ©f th« eo»p©wiads d«p«iid«d ypon wting 
high purity iiifr«iii#.iits, minimi liag e®attaint ti©.ii durinf 
TOltiitf, and pwrifi€«tion resultin-g imm erytt«lliztti@n, 
i«. F«rwae«s 
Hi# i«i«ctiofi h«ati.ri9 f«rnac« wstd for etstias mme of 
tht <io«p®«iid-s for this investifation will b« only briefly 
30' 
4«s6jrib««i. h9W% mimm- « fuf-nts?# ®f, th® same f«n.«3ral design is 
in i#t«41 by S#yb#it C^D* 
A 6ir©ss-#««ti©ft itfiwinf #f' th© iummm Is givta in Fifyjre 
6.. 'Tht set»yp^  shewn in Fifwr® 6 «wl4 b« fm eastinf by 
dMiainf . th« a«it ixm th# ^ «pp« emmlhl^  int# a ^ i@w«« ery« 
e-ibi# ai®li» Th« wiil ©# th».f«rna®« was m 4^  I,0»,'X 4 1/4" 
O,0. % 14** Vye#je twto# jAith, was a©writ«4 v«fti€«ily bttt^ tn 
Mlmlmm mA plattst ftiketSj 1/8* thiek, w%m «»«<4 
t@ ffitkt 1 f«s tifht s«al bttt««&@B th# Vfem tiAt® aai th® ili«» 
iriyii «ni pi«t«s, 'Hi# tssert&Iy r®®t«<i m. th3e««. aluainiiB l«ss 
mmt%4 m ® ,ei»e«i*ae fe»lle»-»pltt« bts#* 1h« b@llt.3e*plate 
has# was $ypp®jpt««l 'by thir#« l«v«ling i«f s »a«i« tmm e-clti^ s. 
Thr@«fh a' eh«aij«36? at tht t®f of th® fmnmmf c®fiii#©tiftii.s 
wttirt »t4« t® •! ^stmm sy«t»».. Also m th« top ©f this cha^«r 
wejp® ^.«0Mnt«^' %m 1/4* pg-4 c^-wa* tutls with t^^©®t®s^frtphit« 
®®«itfit, ©fit ¥al¥t liiith •§«»¥©€ ®ithei' t® v@at th« 
fumm% ®r t© latredwe® gtt int® th« fwjcnac®,' a vteywro 
ttwffiaf bi>i£, -the Cfe^aic s#al.® w«rt im iMtm4mQiat§ shafts 
©I* th#»oe«ypl$ pt©t#«ti@ii tilbes ifit© th« fyyiiacet, af th« 
Staajc s«ais was ia lint with th@ €«iit3?«l axis ©f th« fy^naee 
m4 e#«li b« y»«<i t@ 4htie@dye« « slidinf r®tati«s "shaft 
#ith«3c pyllinf siiifle euystal© fie©a »®lts ©#• pulling plugs f»m 
er«eibl«s in ea«tinf @p#i?ati#a®* Th»y9h th©. vaeyiim styffint 
b©ic c@yiii b# iiit3e©^tt©#d, if i«si3?®'i,,, th« pysheir ttsei^ly'and 
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An inductloDi heating coil was placed around th® outside 
®f th# Vyeor tub## A Westinghauss 10 kilowatt, 450 kilocycle, 
tl«etronic oscillatoi:" supplied currtnt to th# induction 
htating coil# 
.iofl^ *t¥o® fujcnace 
fifur# 7 is t cxoss-s#6tion drawing of th® boni^ '-type 
furnact used for th« preparation of HfgS®. It consisted of 
©ut@r and inn#r stitinless $t««l, vaeuywtight Jackets which 
bolted t©g«th»jr at th« bottow, A g-as tight seal between tht 
Jacket flinfes was provided by a neoprene 0-xin.g. Th« inn#r 
Jacket .served as « p#d«stal for th# erucibl#. Th® bor® of th® 
outer Jack«t was kept to a iainia« to r@duc« the aaount of gas 
needed to fill the furntce. Htliuia could not bt circulated 
throufh this furnic# sine® it had in outlet only at th® 
bottoa-#. 
The pressure cipacity of this furnact was limited by the 
valve throufh which h«liu» mm admitted «nd was about 200 
pounds p«r §c|uirt inch# By proper selection of a valve th« 
furnae® should withstand pres-suros on th@ o.rd«r of 1000 pounds 
p«r square inch at reasonably high teroptratures, although this 
was not tested. 
Induction heating wt« uted during this investigation, but 
txperience indicated that better temperature control might be 
achieved by using resistance heating. To grow single crystals 
a resisttnce heating furnace could be positioned concentric 
with the furnace to aelt the crucible contents. Then the 
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INDUCTION HEATING COIL 
ALUNDUM HEAT SHIELDS 
INNER STAINLESS 
STEEL PEDESTAL 
LOWER THERMOCOUPLE WELL' 
WATER COOLING TUBING 
-TO VACUUM PUMP AND 
HELIUM INLET 
Figure 7. Bomb-type furnace used for preparation 
of MggGe. 
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fyrnac® could be slowly raised to cays® solidification of th® 
«elt fro« the b©tt©ii yp« Pi^ grttsivt solidifieation from th# 
b©tt#ffl up was aee#mpiish®d dyring this invtttifation by always 
ftfinttinifif th® b®tto« of th« exyelbl® GO®ler than th® top, 
«ven dyrinf roeltinf. 
This typ® ©f fyjenacse mm beli®v®d to be th# iie^ st satis­
factory ®f wany tritd for the f0ra#ti@n of high »®ltifig point 
©©apoyiids h®virif one or «©rt highly volttil# «SQiipon®nts-, The 
high htliy®. prtssyrts p#rmis.sal>i« inhibited evap®rati@n of 
th@- »#lt and th# $«all ¥®ly»s ©f heliwi n«#ded"«inifBiE«d con-
tmimtim ®f tht^  «elt by the atii©sphtre swrr@y1iidi.119 it# 
3* ^^sphgrt .c.9,fttrQl Mmtm 
Fifyr® S is t diagrtm of th«- system ustd to pr®vid# co'fi* 
tr0ii«d atai©8ph®r®s i-n fyrnaces durlaf th® preparation @f 
Heliyro or argoft g»s was used and was first passed over 
$hipf ®f Ct/lOjl M9 ali#y k®pt at a t«p@rat«r« ©f 400®C, 
ll®Mt th« fat. was pa-ssed thr^ ygh a «#ld trap and fro® this, 
imts a fyrntce* Th« gas was retyrned froa th# fwroace throygh 
a Sigaaaoter pyop t© th® hetted caleiya-aafnesiyia alloy, and 
th® cy«l« »a® rep«at«d.. 
Tht htattd ctlciyn-'magnesiyai alloy served t® rem©v© th®' 
aajor. iiapyrities, ©xygen and nitregen, fr®« th® gas system. 
Th« cold trap, besidts fynctioni.n.9 t©'rti»©v@ condtnsable im-
p«ritl,«$ fr®ia the gas,'trapp®d v©l®tiliE«d caleiuwi and mag-
nesiyffl b«f®r® it eoyld spread threyghsyt th®.. system. Th® 
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®-HOKE #482 PACKLESS VALVE 
•-CENCO VACUUM CONNECTOR 
Figure 8. Schematic diagram of atmosphere control 
system used with melting furnaces. 
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•calcium-aag^ iesiwn alloy chips were pack«4 in layers alter­
nating with layers &f Pyr@x "w©©l" in « sttinl«ss st««l tube* 
This tubt was plaetd in a furnte#, th« ttaperitur® of which 
was controlled by an on-off typ« automatic temperatur® con­
troller. The calcium-magn@siu« alloy wts Initially #vapor-
attd at 600®G onto th@ Pyrtx "wool" to incr«a^ s« th® active 
gttttring area. 
The cold trip was fashioned from brass pip®, the average 
wall thiekfiess of wtiich had been .machined down to 0,015". 
Soft copper tubing of 1/4" o-uter. diameter Joined the various 
components-of the systea. The tubinf was connected to the 
components by Cenc© vacuum connectors# The valves used in 
the system were Hoke packless (bellows type) valves.. 
The pressure in the systea was indicated by a con^ o^und 
lourdQ.n gsauge. Ihen desired the pres.sure could be controlled 
by a Cartesian aanostat which was attachable to the systeia. 
The systeii as a whole could be eKhau.sted to a pressure of 
-4 $ X 10 em of Hf .and it co-uldj except for the Tygon tubing in 
the $lf»®TOt@r pu»p, withstand pressures up to 200 pounds per 
square inch. 
C. Shaping of SaiBpie.s by the M.rbrasive Process 
The aetallic compounds studied proved to be quite dlffi» 
cult to cut or .machine by conventional methods since they were 
quite brittle and tended to fracture. For this reason an ap­
paratus to eraploy an Alrbrasiv® Iftiit was constructed and used 
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for th© cutting and shaping of sa®pl«s ©f thes® compounds, 
Thu Airbrttiv# lAiit is aitnufactured by- the S. S* White 
Dental Msnufteturinf Gsmptny, Th# unit introduces at a con­
trollable rate abrasive partielts into- « dry ln@rt gas ttrtam. 
This abr«si¥« nixture isrotrgts froja »• -slntertd carbide nozzle 
andJ'by implnfeatnt, products a cutting action* It, may b« 
us@d for co-ntroll®d r#»@val of surftc® layers, c-uttinf of 
hard or brittle iiateritls, and etching operiitions.. 
Th# abrasiw furnished by the manufacturer of th® aachine 
was aluffiinyaa oscide with an tv«raf@ particlt size of 27 wicron-s. 
Nitrogtn fts was us#d to prop#! th# abrasive^  Th® abra-sive 
streaiB eatrgts from th® mz'zl&, and, for circular orific# 
noE.zl@s, is cylindrical for a saall fraction of an inch. The 
Btsmm th«n diwrges into a cont-shaptd spray with a total 
includtd anfl® of sevtn d®§rees. Th© standard circular ori­
fice no22le supplied had a O..-01i" diaMttr opening. Rectangu­
lar orifice nozales also w«rt ivailable. 
Th® particular advantaf«s of th« Aiiferasiv# Unit for this 
inv#stlfation w#r# that it cut without fracturing or chipping 
the iitttllic compounds and that it polished surfaces of 
samples and in so doing r#¥«al#d single crystal regions. 
Fi-gure 9 is a drawing of a lath© constructed for us® 
with th« Airbrasiv® Unit# Tht lathe hid a tail pi«c@ and 
head piece between which a sampl® up to four inches long and 
on® inch in breadth could b# mO'Unted. Th® head piece- wis,ro­







Wnit was aiQunttd in th@ tool h®lder'-®f a cofapound slid# fmm 
a refwitr a#tal lathe, ' The corapoiind slid#*^  aoved the nozzle 
both horizonttily and in a vertloal plan# along a lin@ at any 
«ngi« to ths hori^ o.ntiil. Both thf horizontal and ingylar 
traverses mm motor driv'tn, and liiait switehts eays«d th@ 
traversing to oscillate back md forth b®twt#n any desired 
•set points# Th«s with this tpptrattts either cents or eylin-
I 
d«rs eoyld bt laichined. imm sa«pl«s using th® abrasive streaa 
froja th« Airbrasiv# Unit as th« cyttinf af®nt. Th® abrasive 
stroau'was exhiiyst»d throufh a chyt® at th« r«ar of the lathe 
into « filter# 
For thf- shaping of pris«s.by the Airbrasivt Unit, a 
rottbla platfown was constructed whioh moynted on th® sarae 
bas« as,, but in. plao# of, th# Itth® Just dosoribtd. It con­
sisted «ss@ntlally of 'a pla-tfotta v«hieh could be rotated aboyt 
t vertical axis through any dtsirtd angl®,- Th# angular dis* 
plteoEient was r«ad on th# scale of ® Brown and Sharp bevel 
protractor which wasfmodified and aadt an intefral part of tht 
apparatus. The nOEzlt of th# Mrbrasive Wnit was al$o in this 
oat® fflounted in th® tool holdtr of th# coapound slid® with 
awtoaittic trtvtrse. 'Any plan# surface desir«d could be milled 
on a sample .moynted on th® rotable platfor®* 
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IV. mntmm- Am •mpmmm ?m mk^mmmms 
Ai fr©€«d«*t 
Bit# ®l©etrleal fesittivity and Hail 6©®fflel@iit as fwnc-
ticrns ®f ttffiptratwt mm mmmm4 by d-e raethods fm MftSi 
ami MftS® sasfsles. Lqw ts»p«jraty*® ffi«a«y»wi®f»ts mm wade io 
a liquid iiit*©f«ii €#y®itat, and high tsapstatai-# aietswr«ia«iits 
mm and® ift t, -vteuyBi All ii@asyr««iits w«» mtde 
with tht siraples sitiiattd im th« €®iite.r ®f th« fsp @f a C®n» 
s^ lidattd ^ d®i t^ -lO-^ A. il«6t»»ffla9aet ea.pabl@ @f sypplyiiig •, 
fields wp t@ l§ feil@fttts$. witis a 1" gsp and 5 kilofauss with 
a- a 1/2" gap. 
Fifwre 10 sh©ws i©h»atically the eii-ewit and saropl© 
«0«ntiiii ws@d tm all afaiwi?«iiffit®» .Th« sai^ l® 
*«§• held'in,, plt€,« afainst th« bate eleetuod# by the spriiif 
el«tts®d#» Tw@ sp3pi»f i#«ded ytsistivity pmhm »ad« p©ssi-
foi« th# aw-ia'Mr®«tfiit ®f a Itafitwdiaal wlt»f» diff«i«ii<se in 
tht sample, On# ©f th« resistivity p»®b«s teftthat with 
a,ii©thei? pTOfo®-iB®wnt#d diireetly %&T&m tmm it @b ths ©ther 
sid® @f th® saap,!# ©amstituted th® Mill pi«b®s whieh enabled 
©f th« tranivess#- ¥©ltafe t® be aadt* By 
»®asnaring th« v®lt«f« mmm th# lO.OQO f #091 ®hw R#ichsan-
stalt typ® tttfidixil 3resist®'3r in s«jrie$ with th« mi'B^ I#,, th# 
sas^ lt ©#wld be e«lcwlat#d, fh®s® voltages 
®ea»w3f@d with & E«biG©n Typ® Fet®nti0»«t«r* 
—A,,^ VWWVWW 
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0 + V. 
THERMOCOUPLE RESISTIVITY HALL 
PROBES PROBES 
Figure 10. Sample and probe arrangement 
for electrical measurements. 
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Tempera tyres were iiieasyre4 with a therraocoypl©, the 
Jwiicti©r» ©f, which was .mounted in contact with th# bts« eltc-
trod« near th« saopi«. A c©ppsr-c0.iiistafitan th«iTO©coypl« wt© 
w.$ed f©r i©w teaperatwre laeasyreraentt, «n.d a' chro»«X-P alumel 
therwic#yf5lt w«$ wstd for high tewperatar® iaeasure««nts, 
For iow ttaperatwre ii®aswr®m«nts th@ sample, electrodes., 
and probes were mo-ynted ®n a teaic#lit.e toa.s®. Hie b-ase elec­
trode WIS ©f copper, tht probts and spring electrodes were of 
pho'sphor-branze, and the l«ad wir®« mr® 30 B-. and S.» 
gauge, stranded cspper wires with plastic in«uiati©n.» The 
th®ra©c©«pit wires wer® Ifo, 30 B. and S, gaug® and silk 
covered. The thera0C©ypl# Junction wa-s Sc©tch«tap0d to the 
bas« electrode, ©^«t siK fe#t lenfths ©f all Itads and of 
th't th@ra®c@wpl© wires wtre coiled togethM so that thty wyld 
reside in th# ballast rtfion ©f the cryostat chaabtrf in this 
way the Itads w«r# cooled t© s««pl@ t«»p®ratur@ before they 
entered th© sai^ l©-holder refion. 
For high t©®p®ratttre m«asiirt««nt» th® base electrode and 
sprinf el.®ctrod« w©r® ©f stainless steel, and the probes w®r© 
nade fr©m iOJl" diameter tungsten wir®. The .stnaplts, probes, 
and ©Itctrodes w©r« moynted ©n,a Lava bast, Th® c©pp©r Itad 
wires w«re brow-ght ©«t of th© sample-holder region through 
quarts capillary tub©.s and then w©r® covertd with Refrasil 
insulation, 0©pp©r proved to be m unsatisfactory material 
f©r the l©ad wlr©s b®c®«s© ©f it® high volatility above 0OO®C. 
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Ph©@ph®3r-foir®rai:.i! pTObes mm Initlaliy shuxpems-d on an 
«»#jpy 4im sa.Ri«ir «ad finally ba?0Ufht t© v-mf fin® •ptints by 
etehiwg th® stiarp«n#i «a4s with c@n6««ttat@d • nitric acid, 
Twiifsttii pr@b#s mm braufht t® fi«« -ptints by r#p#at«ily iai* 
ffl#rsinf tile ®f th® pr@bts in »lt®ii pottssiwa aitrite. 
, «l«'®tri€al i®fitt«t bttw«#a th« sample th® pr®bts 
«l#etr®4®s mm tflii®i?#d at til t««p®r«twr«s by ysiiPii the 
aattriait tlii stainless ste#l sprinf ele€tr®d@ 
tnnealed at hifti t««p#rit«r#s and pulXti away fr©» the sa®pl« 
whtft tbe t«Bpeirat«r® decrtatti* Thw® it wis n%emmrf to kmp 
th# imm dtereasinf 4wrinf Meisyrtatfits at tei^ er-
%%ums hifher tliaii 400®C. Taafstew w@«il<i hav®; b«#,fi @ -moT® 
SMit«bl#'-spri<if electrode aat#ri®l, byt'it wtSv,B««rly im» 
possibi® to'•sprint « t«nist«'a «i®#trod« at r®o« teaper-
atyr# withowt frattwrittf it» . 
1, -ftitttMreiBenits and Ctlettl«tioas 
f#r'd®tt3»iit«ti@-ii ©f .th« «i«€trl€al resistivity and th® 
Hall e.0effiei««t th® iO'nfitwdlnsl voltag® d«@ tnly t© Oim»s 
law m4 th« traas¥@ts# voltaf® '4m- ©nly to th® H«ll efftet 
liMSt. b# -dettsiiined,* In pr«cti§« th« resistivity prob®« tnd 
Hall paf@b«» d@ not nfford dirtet »«at«r®«!®ntt @f •'thes® v®lt-
af©t at will b® ©jcpltintd# 
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fifyr® 10. A fi@li In th@ @pp©ilt# ^will 
b« t@ ts a smmm aiifiietle field. If the mmgmtie 
field mm iitwarated in one dljpe©ti@n and tteie »afn«tiziiiQ cur­
rent mm tiien,reduced t@.E«r@, reaained in the ele«t»* 
aafnet f«p « snail i-esiduai field* 
the various v§ltafe$ e@nsidered in deteminini the 
eleetrital teftittivity and .Hall «®effieient mmt 
¥s the lenfitttdlnal v#.ltafe dae #nly t@ <3ha-'s law 
the longitudinal vititafe due ©nly to theiw 
electric effects independent @f the .atafnetic 
field 
Vsge the aeaswred longitudinal wltage for forward 
residual m§mtic field, 
Vsr® *he aeasured longitudinal wltag# for reverae 
residual magnetic field 
Vjj the transverae wltafe due ©nlf to the Hall 
effect 
transverse voltage due ©nly t® the»oeleetri© 
effects independent of the aiagnetic field 
V|i@ the transverse voltafe due ©nly t@ thenmelectric 
effects depe-ndent ©n'the mafnetic field' 
CEttinfhauten effect) 
%i® weaaured transverse voltage for reaidual 
forward aafaetic field 
the Bueasured transverfe voltage for full forward 
magnetic field 
%r@ aeaaured transverte v®ltaf® f@r residual 
reverse nagnetic field 
¥|i,^. the »ea#ured transverse voltage f®r full reverse 
nagnetic field 
Vk* the transverae voltage due to probe aiaalignaent (Ohra»s lai» voltaf#)* 
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2* ttaasugfetaent of . electrical jc.e.s.i.8.tivltv 
Th« longitudinal voltage was niessured b©th directions 
of th« rtiidual ntfnetic fitid* It mm established that the 
resistivity was essentially independent ©f the «a§netic- field, 
but d«partur«s ©f th@ sa»pl« fr^ ia «nif©ra geometry and hoao-
g#n@ity s€>»€tlaes e«ys«d saall, atgo®ti'© field dtpendtnt volt­
ages d«« to tht Hall effect t@ develop fo«t\«»#n th« resistivity 
prebes. F^ r this reason tht eiipr®ssi«>n used t& relate the 
iieas«rtd veltagtes t© th« Cfa»'s law vulttft and th» thermal 
voltage was 
1/2 ® ' U) 
Tht th®r»ai voltait wa® astyffled to be that longitydinal 
veltagt mmmm4 with «©• saaple' cyrrent flowing. After 
VggQ, fgyg^ and VgQ were fi#asyred, Vg was calculated from 
Ei|uatien li 
¥s * 1/2(VS99 + Vsre) - (2) 
The r«sist«!nc® 'Sf that, part of the saapl® bttvwtn th@ probes 
was th«n fo-ynd imm Imt 
R « is • (3) 
Is 
If th® distance bstwetn the probes w.a$ L and if th» average 
cross s«ctl@ifial arta of that part <sf tht- sample b®tw«en the 
Probes was A, th«n the eleetrictl rtsistivity was given by 
 ^, . C4) 
Th« theMal v®itti® cewld havt b@®n du® t© a ©omtoi-
nation of eff«et$ @f «iiich th# «est likely w«r«i (1) difftrent 
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thermQtlecti-lc pettntials at the' tm rtsistivlty pr©bes dm 
t@ iAhsfflOgentlty ©# the $a»pl® and t© small temperature grad­
ients along th® s«pl@, C2), theriB®«l@ctric pttsntlals in-'the 
pr0b@ lead wires and the naeisuring circuit, arid C3) thtx®o» 
electric p©tentitl gradients as.s©eiat®d with ths sample cur­
rent fl«w.. Of these, the c®-ntributi©n fr@» th# latter effect 
would v.anlsh wh«n th® current ceat«d t@ fi®w| f@r this reason 
'Vs© ws a«»8ured within ©ne ©r two seconds after th# current 
was interrupted in thos® cists fer wt»ich v«ri«d with th® 
current. , This rapid ii«asur®»ent was accenplished by pr@-
btlaneinf th« petsntieaeter circuit .by trial and #rr®r. 
P®r MggSij, ¥g@ was indepmdmt @f th# saiaplt current. 
Values of ¥s© at t«l«€t®d t®i»p#r8tur«s for th® runs made on 
a MgtSi crystal art given in Table 5 along with the corres-' 
ponding values of th® total lonfitudinal voltag®. The Vg^  
valuts in th« tubl® are extreme values}, for temperatures 
int#r®-tdiate t@ thos# fiv#n, the vtluts of lay fo«tw««n 
the corresponding valuts givtn in th©'table. From the tabl# 
it is obvious that phosphor-bro'nz# probts w»re far superior 
to tungsten probes with regard to th«im#l voltages. For all 
t®aap«ratures the errors in «®asuring probably never gave 
rise to larger than 0.1 p«r c«nt errors in ddttrffiining V^ , 
ejccept for th# »«asur#ia«nt at 1037®K. at this tempsra-
turt was estimated by ©•sstrapoittion of low@r t«p#rature data 
and could have introduced an error as high as 2 p®r ctnt in 
tht detemination of Vs. 
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Tabl® 5 
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For Mf#® the bahavior @f Vg© was qwite differtat. 
Ifearly all-®f the thamal v#lt»f® was a#s@e£attd with the 
ta»pi® ewrjptut titd d#e«y«d t@ « f«w rnMmmlts within 30 
«@c@nii.s after th® 6wrr@nt fl@w was, tt@pp®d» Although this 
th#j»al ¥@lt«§» was det«etabl#; ©nly ^ J«st afttr tht ewrrtnt 
was iiit@wwpt@d, its poiitrity did ii#t deptnd up©® th« di-
rsetiQft ©f th® ewrrent fX©w| it was Qwite iwd#* 
p«nd«iiit @f tti9neti€ f i«lds. In- this ©»«# eoyld -hav® been 
dy# t© a Qhmiml mtim  ^ &lth©iifh m «xplt.iitti@'fi f@r its be­
havior was aetually d®d«©#d» tabl# 6 fives extr««« vtltt@s f@r 
Vs© im TOWS'wad# @n « MifS® cryattl.- Thsst ,valw#8 f®r V®© 
wtr® «tasMr®d within Qm t© tm st6©nds aft®!* th«. stmplt.-eyr-
r®nt-w®s titrii#d ©ff. F©r i©w ttmp#rttwr«.s V.||@ w«« t«fflp«ratiir# in-
d«pend.ent, but f®r high ts«p®r«t«r@» it- deer#ased with temper-
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atwjre snd tventyally r«v«rsed p^ lairity. Also in this cat® 
tht us« of phosphsr-bronz© p-r#bes resylted in smaller thtrraal 
v©itag@s. Th« #rr©rs in aeasMrinf could hav® Introdyced 
errors as large as .25 p®r c®nt for 300®K C T < 600®K and 
0,1 p®r c«nt for other teaptratwres in the determination of 
Th® dinensioins of th# saiapl® and separation of the probes 
wtre ffleaswrsd with @ ©aertner traveling microscop#. Generally 
the width'(w) m4 th# thickness Ct) of' th« samplts w@r© 
measured at thr«« or four points along the sampl©,. and the 
area A « wt computed and plotted as a function of distance 
along tht sampl®. 
Table 6 
Values of for Mg^ Ge 
Probes Temptr* 
ature 






























Th® locttionsof the probts on ths sacapie were dtt@rmined, and 
the areas A, and Af at th® t*^  prob® locations were read from 
the fr®ph» The cross-sectional arta us«d in the coaputation 
of th® resistivity was the average of A| and A^ , The taroplts 
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did not havt ptrf#6tiy wnifora cross sections, and the cross 
stetiofts w®re very nearly, but not escactly, rectangylar. More­
over, th® cross-sectional areas and th« probe 'feparations wer® 
siiiail'ton th® order of '.Ol ca^  ind *1 en rtspectively) and not 
sharply d«fin®d. The rownding of th® «dg®s of th# samples, 
th« n®n»ynifor»ity of the saaples, and th« non-zero widths of 
th® probe points introduced tlt»ents of arbitrariness into 
th® a«astir@«#nts. Swall prab© s«paratians ««r« necessary b®-
cayse of th« inhowofenaity of th« simples. 
The fflaxiray® ©rrors in ffleas'Wring the width Cw), thickness 
Ct> and tht profe# separation (L) were estimited to be re­
spectively 1, 1.5, and 1 per cmt* Th# tccymylated ®rror in 
th® tvalyition of th« geoaetrical factor fi/L in Eqyution 4 
thus did not mcmd 3.5 par ctnt. Iqfwation 4 as®y»ts that-
the current density in th« sa®pl® mm yniforra. Although the 
mmple length to width ratios w«r« on tht ©rd#r of 10 to 20, 
soa« «rror in tht dtterfflinatlon of th« resistivity »ust hav@ 
rtsulted froii tht astumptlon of a unifowa currtnt density. 
Out to errors froa all sources, th® absolutt r@sistivity 
values obtaintd wtr® rtliablt probably only, to within i 4 
per csnt. Ntverth«ltss, in th® results th® rtsistlvitits 
are quoted to thre® or four significant figur®$ sine® th« 
geometrical factors were constant for each s®t of maasurt-
'nents and would not affect th® determination of th® form of 
the te«p#ratur© dependtnc# of resistivity. 
F@r amiifeatttt in figyr© 10 the Mall 
\ is In ¥@its, Ig tft aaperta, t in €#nti»«teif'S, and H 
in fa-wss* til# Hall is 'fKisitivf if tli« aigiittie 
fi®l<l «0«i saapl® eMw«n* «re in tli« 4imetimm shosm in figure 
10, #ni if tli« Hall wlt«i« h«t tfe® p#lai*i%y sh®-wi. For a r«-
¥®r««l-®f the i4re€ti#n ®r pelarity #f any «f th«8# <j««ntities, 
thty mm% @tfn#ii#r»i in Sqyation 5« A nefitiv© 
Htll «©@ffieient i«pli«s mndmtimm priwtrily by «l«ctron» and 
a pi>.siti¥» •Hdil €.@«fficl@nt ii^ li«s ©tniwetitn prinarily by 
In an id®ti mpmtim^nt tti# Hall prebes muX4 b® l@€at®iJ 
dirtctly ©|>p®sit« mm %mthm so th«t tht p@t»ntial differ-
east h»tmm tha» w®«l<J b» nil ftr ztr® «#fn«%ie ^fi®ld. In 
praetice, this -wtt. 4iffi^ S'wlt %# retlii# b#s.*yt« th# hifh re­
sistivities «f th® sampl@s -r^ siilttd in larft p®t«fttial grad­
ients tl@iif their l@nfths#. ' In th# prestnee tf a iaitgn«tJte 
eient in m /coulo^  it fi^ en by 




VfigCH) « Vho VhCH) 
¥h^ .|H).«  ^ - VtoiH) . - Vj,(H) 
f®r tk® r«sW«al magnetic'fitlds, 
" Vha %t * • 
i? )  
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where and Hg wtre the forward and reverse residual mag-* 
netic fields respectively. Very nearly, so that 
i/2CV||p0 * , (8) 
Gonseqytntly, 
Vh(H) . V^ gCH) - l/2(Vhg<, • Vhio) -V^ gXH) . (9) 
If the magnttie field d#p«nd«nt thtraal voltaf@s laty be 
ntfleet®d, then 
Vh « Vhg -l/2{Vhgo • Vhro) . (10) 
Equation 10 was •ass.waed to b© valid for this investigation. 
(Staining a z&m mtfnttic field to mtasyr® V^ o %t directly 
wti ®©re tiw eonsiaing than^ -aieasyrini Vhf© and Vhr©. 
The saaplt current iias atasurtd to within '0.1 per c«nt 
and tht thlekness .@f th« stapl# was know to within 1,5 per 
Ctnt. Th« iiafiii&tic field produced by the ®«fn@t was known to 
within 0+2 ptr-€#nt is a function of th® magnat currtnt for 
various gaps. Errors from sstting th© aicgntt fap, dtteaiining 
th# niafn®t current, and drifting of th« »agnetic field prob­
ably raised th# ©rror Unlit of the aagnetic field measurement 
to 1.5 per e©nt.. Thus, th® total error limit for th« messur©-
ment of tp about 3 P®r ctnt, ffewever, ©rrors in the 
li®asur#ments of t would not aff#ct a determination of the form 
of tha temperature dependence of Rtl, and for this reason th« 
Hall coofficients were ®xprt©sed with as a»ny sifnificant 
figures as wtr® ustd in expressing th® aagnttic fields# 
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5' Seauenc.® ®f laeasyremcnts 
Fox C0iapytati©nal p«irpQ'S«s it wss d#sired to obtain both 
th« resistivity and Hall coefficient at th# sam® temperatur®. 
In practice th« terapsratwr® was always slowly increasing, and 
this aiid« it n@ctssary to mmute tht ffieasur«®nts rapidly 
and in a certain seqy®ne©. At a fiv@n ttmptrature the fol­
lowing seqyenee of operations was ptrfoitatdj 
ftev«rse rtsidyal laafnetic field was obtainsdf 
Thtmocoyple voltag# was ai@asyr®d| 
Voltaf® across standard resistor wa« measyr#d| 
Voltag® between rtsistivity probts was m#asyred| 
Voltag® between Hall probes was mtasuredi 
Fyll forward aafnetlc field was appll&d and 
aafnet current was meas«r®d| 
Voltage between Mall profets was «#asyr®d| 
Magnetic fitld was rtduced to forward residual 
fi«ld| 
Voltagt between Hall pr©b®s was roeasyredf 
Voltage b®tw®#n rtsistivity pwbss was utasuredf 
Voltaf® across standard resistor was wifasuredf 
Theraocoupl# voltag# was niea®ur®d| 
Sa«ple current was turned off and voltag# between 
resistivity probes was mtasyrtd. 
Thus in order wer® obtained} T, I®, Vg, V^ pj, Vhg, Vj^ g©, 
s^** s^.** (where tht. pri»@s indicat® the repetition 
of a intasureaent). If th® ®easureraente of these' quantities 
w@r# obtained at equal time intervalt and if they varied 
linearly with terap«rature, th^ n at the temperature 
(I 











« 1/2(T -4- TO (11) 
p = i/m% + Vs') k . 
iTsnrnpTT" (12) 
audi 
% ® l/2(V|jj.0 • ^ge) (13) 
provided thmt th# ttiiptratyr# increased mifonaiy. Th®st 
assuaptions w®r@ msd®, and Equations' 11, 12,. and 13 were ®ib-
pl@y#d. Departures @f th® th« actyal conditions fitjm those 
implied foy the iquatisns 11, 12, and 13 pTObably did not intro-
dyee additional errors larger than t 0,5 ptr c«nt in th@ d«» 
terminations of p and % at T^ *^ 
I* Liquid nitrogen .c.rYOstat 
Th« liquid nit.rogtn cryostat ystd for measyrtment of'the 
Hall effect and tltctrieal rtsistivities of saaiples at low 
t«niptratyr@s is shown in Figure 11# Sample tewperatures as 
low as i2®IC were attainable with this cryostat. It was so 
designtd that th® cha^ iaber tnclosing the sAsple would fit be*' 
twe«n iJifntt pol@ pieces with a on© inch separation# 
Th®, staapl«s w«re «oynt«d on a bak«lite holder which fit 
within th€i lower chamber* iltctrical and thenaocouple lead 
wires from th® sample w«r© brought out through holes in the 
Flexigla® cowr plate* After th« leads w^ re brought out, the 
holts in th® covsr plate mm staltd with Apiezon W wax. The 
inn®»BOst chaiiriber was evacuated and then filled with heliura 
C» Apparatus 
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TO VAC. PUMP AND HELIUM INLET 
/—PLEXIGLAS COVER PLATE 
TO VACUUM 
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SCALE IN INCHES 
Figure 11. Liquid-nitrogen cryostat. 
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gas at X®s$ thad atmospheric pressure. The intermediate 
chamber was "^en filled with liquid nitrogen which was pumped 
upon. Temperatures as low as 62®K could easily be reached. 
The outeinost chamber was evacuated to a pressure of 10 mm 
of Hg to insulate the inner chambers from the room air. The 
liquid nitrogen served to cool the brass ballast which in 
turn cooled the lower chamber wall and the heli\JBn gas within 
the innexmost chamber. The sample was cooled by the helium 
gas. After the liquid nitrogen was exhausted from the inter­
mediate chazi^er the large heat capacity of the brass ballast 
prevented the helium gas within the inner chancer from heat­
ing very rapidly. Measurements were made on the sample as 
the temperature rose within the inner chamber. 
The lower wall and the hole in the brass ballast were 
rectangular (1/2" x 1") in cross section. The .023" thick 
copper lower chamber wall was soldered to the brass ballast. 
The upper chaster wall, of .025" stainless steel, was square 
(1" X 1") in cross section and was also soldered to the brass 
ballast* The inner wall was a stainless steel pipe whose 
wall thickness had been machined down to .031", and this also 
was soldered to the brass ballast. Stainless steel was used 
for the inner walls because of its low thermal conductivity 
and because it had no undesirable magnetic properties. The 
outer wall was of .023" thick copper. All walls at the top 
were soldered to a brass flange. All soldered Joints were 
vacuum leak tested and all wall surfaces were buffed to a high 
5? 
polish,. Each chawber had oytlets tf^ ich could b» c©f5tnect«d ' to 
vacuu® pMps, tnd in addition the intera«ditt© chtiri&«r had a 
port (net shown in iPifyre 11) f«r th« admissisn of liquid 
nitrogen. A vacauffli tight seal b«tw®«n th« ypp®r €h«iab#r and 
th# Plsxiglis e©ver plate was provided by a n#@pr«ne gasket. 
Certain iroprov^ aients which c-^ ald b© latdt in tht design 
of this cryostat art (1)'th® provlsl®n ©f means f©r disassem­
bly tp faeilitate cltaining and i«ak tssting, (2) tlongstlon 
of th$ «pp«r walls t@ red«e« the heating rste ©f the brass 
billast, C3) um Qf •020-*' aat©ritl for the inner wtlls to r«-
duee- thernal conduction to th# bras® ballast, and (4) inclusion 
of an easy TO-ans to check th# liquid nitrOf©n lev®! in the 
Intermediate chairiber. 
y&cum furnac# 
for high ttap.tr®ture mmmxments, a vacuum fumtc® was 
used*' The furnace essentially was a non«inductiv«ly wund re-
sistanc® htatinf tltaeat mounted within a vtcuua charabtr. Th® 
furnace fit bttw«#n tht slectrootafnet pol@ piteifs with a 2 1/2?' 
gsp. Power leads, probe leads, and tht thtriiocoupl® vsfires 
war® broufht out of th# furnace through 'l&jvar^ glass seals. 
The saapl®.cMambtr of the furnac#, which was within the 
heating element, was lined iwith copper to enhanc# uniforaity 
of t@»p©raturt. This gav® rise to a probl« which was not 
a.ntlclptt®d| at around 800*G th© c@pp@r evaporated onto the 
siiipl® and p-robes so that measureiients at ttmperatures hlfher 
than this could not bt ®id«.-
^ ^  ^ 
























































































































































































































































=» d«nslty of newtrai impurities (cm ) 
Ik 
» RHC® Mali aobiiity (CM /v0it*s®e), 
 ^a actyal drift asbillty (GwVv®lt-s®c) 
Ml, « a€©Mstic ¥ibrattofi nobility CceVvolt-sec) 
y^ p » p©larix«ti@fi mobility (ciaVwit'-sec) 
g 
Ml ® i®niz.ei iinpyrlty mobility (en /volt-stc) 
2 
Mu * ntutrsl impurity oubility (e«'/v@lt»s#G) 
/^ D « clisl#catidn aobility C6iaVv@lt-s@€) 
J '» »arj fr#« path Cesa) 
E0 » efiergy at b©t-to® ©f cofwSyction band Cev) 
6V a energy ti t®p of valtnce band (@v) 
% •« tntrgy at ienor l«¥ei (ev) 
% « •ensrgy at aeeeptor l®v#l, (ev) 
fg(v) a texi«®ll-,i^ ltz.fflann vel®clty distribution function 
T » ibselute t@®p@rat«re'C^ K) 
iifj » #ffeetiv® »ass of eleetron iga) 
Mp ® effective isas# ©f hoi# (i®) 
•.g| 
ffi » free tl©ctr©n laast C9.106 x 10 9ai) 
••t f' 
6 s #i@c;tr0n ekarge (1,60 k 10 couleab) 
* I f 
h « piafieic*s c®fistant C4#i34 k 10 ,«vs®e) 
k « S©ltz»ann»6 cenitant CS.6i6 x 10''^ @v/®K) 
Tht subscript n shall in«Jl€$t@ that a syiAsel is f©r an elect­
ron quantityi tbe subscript p shall r®f®r t© h©l#s» 
In addition to being a fret el«ctr®n th®0ry, the theory 
to b$ ©utlintd h#rt is based upon the assiaption that classical 
m 
stttistlGs mm ¥al4sl ani that a raean fre# path roay ijt dtfinsd 
for tltctfons tioies.. 
The um ©f elassicai statistics Cnon-dtgerteiratte approxi­
mation) is justified ©n tht basis ©f qfusntua statistical roe-
chanies if 
-t/j vv -11 •t/3 ,  ^
n • ' T > 4.a X 10  ^ . (14) 
A discassion of this €:rlt®ri©fi fur in@fi-d®fen®racy is given 
by -Shectlty C52, p. 242). Fowler (17) prtstnts th# TOthods 
t® bt ©flipiifyed f©r the mm ftfieral esses, Afe©ve liquid 
nitrogen teaptratwret «ost semicondyctors #f intertst ar® uon-
degentratei Table 7 givm th# deftntrtey t«peratur«s (above 
which classical statistics beeeae valid) for varioiis electron 
c©ncentrati0nt. 
Tablt ? 
Pt9««»tracy t«iBptratyr®s f©r vsri®ws tlectr@a 6@iicentration..s 
. Electron Oegefttracy 
conceutratiea te«p#ritur@ 
If -1 
10' cm »42 
16 *1. 
10' cii 2..0 
' *3 IQ c« 9.0 ®K 
li -3 
10 C» 4t ®IC 
, If -3 
10 e® 200 ®K 
, to -3 
10 ca w ®K 
ti -3 
10 c» 4200 ®IC 
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If classical statistics art valid, thtn for thermal 
eqyilibriwi th« @l#<stir©rts will have a MaKwell-Soltziisnn vel­
ocity d4stribwtio« functions 
3/2' t 
%f|Cv) « nCffljj/2 7rkT} txp,(-«nV/2:kT). (15) 
Tht distribution fweti#ft f®r htlts is the samt exeept that 
th@ l#tt#r « is replaced by th® letter p* Iteder tht inflyence 
©f •C0iobi.ifi®d ©leetrie and nagnetic fields the distrib-utiofi 
fynction will be, pertwrb©d, b«t e@llisi©ii p-r©c®sses will tend 
t© restsre th# ©qiiiiibriwa distributiofi, A mean frte path 
May be defined im a i?Qlli§i#o^  pr@ce@s in the case @f small 
pertyrbations previdtd that th® r®st®rtti:®n rate by. that c©l-
li.s©n pr©c#ss is pirep©rtion.il t© the pertwrfoation. That is, 
if the p@rt«rfe#d fwncti^ n i'S f, and if 
(  ' h i / ' b t )  cellisions = -(l/r)(f • f©) , -(16) 
thtn a in®a.n fret path T v) may be d®fin#d» A necessary 
conditioR f®r th® existence ©f sach « laean fr#« path is that 
in a CQllision e.ncounter the energy ©f m tl«ctr0'fi is changed 
relativtly little* 
i* C^ ndyctivity m4 .Hill •Qoefficisnt 
If ®l®ctr©«s pr®d®»i,nat#5 tht condwctivity and Hall 
cQeffiei©nt are given (Stitz (50), pp. l8f-192) by 





These tqwations are based upofn th® asswptiQfi of « weak aiag-
 ^ ||t 
n.etl.G fieldi CH  ^2m^kT/% )| they «ay foe aodified to cover 
the <Jas® f#r which p » n by rtplaciwf the letter n by p aad 
ehafifing the sign ©f th« fiall ©^efficient. If th« ra«tn fre« 
path i® .flvtn by 





rCa/2+3) > (20) 
Rj^ e.r/ne  ^ (gl) 
* 
fh® drift aofoiiity is 
• t / t  gfcail. 
— ' 8 71^  „ a„e(2/inn) ^ (t) 2 r(a/2+3), C23) 
and. th« Hail ®@biiity is 
/'h = 1 • C2^ ) 
If b®th tleetrons and holes must b© ctasidtredi 
<5^  s ne^  n > pM'p I (25) 
as -T* * P/t<p 
PyUp)^ (26) 
wh®r« a«^ a^ © givein by iquatlan 22, i^ t^isn 23, 
and th® eqfulvalent ©f Icpation 23 f€»r h®l#s# Th# rstio ©f 
electron to h©l'@ aobility, imm. iqwatioo 23, is 
b ^   ^(©iv^ SRp) • (27) 
::M 
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In tem$ €>f this rttio, 
Cbfi •» D). (28) 
b 
and  ^
'^H = ^  . (30) 
If the mmn free path has ®thtr than. th« simplm foni gi¥eni 
by Iq.yatl#fi. 19, th#s« •tjcpares.sldfis art net strictly valid* 
, At hi'-gh t«ap«ratyrf-& tht dsnsities #f electrons and h©l€s 
are nearly and ar@ given CWils@n (61), p-* 113) by 
a « p «xp[ -C%-%}/akT] . (31) 
At l@i«e.r teffip#rtti4r®« the ionizabl# imparltits are responsible 
{q$ th.® bulk of the charge 0.arri«rs» F©r only donor iif^ ur-
ities present (liisun (61), p. 111), 
-7t^ ' «.p[-CW2.T] . (33) 
An snal©g0«s expression h©lds for th$ hole coneentration if 
only acceptor iiipiirltl#s art present. For n « 1%, 
n ^  Ct7r«nlcl) r  ^
IJ nr,.:r„„^:^ru ,n f Xp [ " C ig"%}/2IC T J , (33) 
C* Mmti Free Paths and Mobilities 
A review of th@ thtorits of .scittering ©f eltctrons and 
holes in el^ mentitl e.®val«nt seiBiconductors wm given by Debye 
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and Gonwell (13)» who «ls# a,ppli«d th$ theorits in inter­
preting the behavior of n-typ# .g«rmtniy»». Pttrton and 
Eardeen i4i) siffliltrly analyzed th® behavior ©f silieen. 
Of priwary importance is s<iatt«ring by th@r®ally induced 
inttice vibrations* For ® lattic® having f>i ynit cells with 
S ®t©»$ per anit cell, th«r« will b® 3fiS lattice vibrational 
»od#s ©f «#iich 3-N will b« acoystical »©d@s and 3WCS*1) will 
b© optical modes. Tht txact d»t@ritinttion of thes® aod«s and 
th«lr freqy«n6ies is virtually lapossibl®, but inferences 
from si«plt iBodels (such ts 'linear chains of atoas) point out 
trends to be @xp®et«d. Ih® acoustical modes are those for 
which, as tht m&m Itngth > becoae-s very larg®| th® fre­
quency 2^  tends to zero in such a iaanner that remains -
constant and oqual to th® voloelty of sound in the aattrial. 
The optical aodts have 'highier frequencies but saaller^  fre­
quency rangesi Idtally, their frequencies do not bocom® zero 
oven for the longtst wnvt Itngths vAilch i»pli@s arbitrtrily 
large propagation velocltlts# In an actual crystal their 
limiting velocity may approach tht sp®«d ©f light. Another 
characteristic feature of the optical ®od«s is that in exo-
outing th«®e vibrations neighboring atoms mm. in opposite 
directions.! if th» neighboring atoms ar« differently charged 
thes® vibrations then induct.ltrf« ptrtua^ ttlons in th®.po­
tential fields around th® atoms. 
J 
Tht theory of scattering by acoustic waves has received 
considerable ttttntion sine# acoustical waves ®r« the aiost 
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I 
&ff«etlv« teitt#riag in el#m«atal wliii.; 
VtrisMs «pp3Pi.aefe®s tht ar« iiseassti by .$«sit2 
CfO, ,Qsipt@if If).' • anil Sh©clci«y' (2) 4«vei®p®<i t 
tti»®*y iteiefe mpmm^  tii.# 'mmm- im® p«tli ia- t®»» @f di-*-
*©«tly Their turaf. 
wfhtr® i.^  it th# shift- C4» «v) -®f- tli® fe«tt®» ®-f th«, e®iii«ti©R 
baiai'ptr wnit-iilt-ti©-» th# crystai, C i« th®-vtlscity. ©f 
smm4f •««! 4 is^tli# «t®n®ity &i' tie ejfytti-l*- th® -
th«®-iri®$, .«!>©•« th@ «®ii®®pt that' ^ ©tentlais. in •the l«t-
tie® «» i®f@i»®i wniftffflly toy- th# latti®® vifeir»ti®fis., le®-dl 
t® a »®«a fr®® .path inv®r««ly pi»p®rti®fi«l t® t«i|>®*at*ije«« " 
Th®te th®0,iri«s th« I>®by® fwii®ti#fi -fair -th® , 
44ftiribyti®fi @f th«- lattic® vib»ti®i»Srf Thws,. ^ ®p*'rtiije®s &i 
tti® ©itft frs® path imm the fom given by tli«s®'^  th®®jeie® ay® 
t© b« r®fi3rrf®«l- a« a® ^ i-® afi©iiai©ys tht.ii <i»p«3E'ty-ye® fmm th® 
ffeby® «j©®:ry fm. #p®cific heats# 
lifi th©tr®tically treating tfcfc® scatterinf by ©ptieal 
fiKi4®t 'tm -p0la»^ i2iti®« 'rnvm), th® tt®««pti#ii i® a®#® that 
•aii ©f the mve& Mm th-« sa«® fttqwney* This app«©iiiaati©fi 
is r®ai©fi®fele i« th® ©aw@| e#aip@MH^ s if th® aaste® ©# -dif-
f®3?«»*t'®©.iist4t««iit at©«® ai-® ®«ftsi<i«3eably tif.f®i'®nt# ' This 
f®:-ii®,lii«i©a is base4 wp@'H th® b®h«vior ®f a iiatoaie liii®ar 
©^ hai-rt' ©f at©ffl-s CS«itt CfO), -p<. IZMh f©t this -eat® tiie spraaii 
©f fr«qu«ii#i®s •f@i' th® Qptiml »®4®s is.-gAv«n, by 
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•= 
whtff Is m iiit«rietl®n c^ astaiit, M' md M ar® th® ttonic 
«n<J M > M», As M b-tcsaes mueh larger than M',Ay 
appr@'«chts ztro, 
H#warth and S©adheiaer (24) tr@«t®d in a thorswgh manner 
the scatttrlng ©f tisctr^ ns by p0l»ri2ati#n wavts in polar 
crystals, fh@y ass'yratd that the polarizatian wavts have a 
single fretjwency > © and- fo-und. f^ -r^  the «#tn fr#0 pathf 
3 t 
y 5g a Mh,^ ®v /,/Y 
• HrraWT) • 
wher® 
a « Interateiaic distance, 
l/M « s-M« of r«eipr®eti of masses, 
M « 1/ [txpCh^ e^/kT) -l] . 
This d#v®i©-pment was f-@r a siaiple lattic-t of aonovalent ions. 
For a co»pown4 chiract®rlz#d only partially by h@t«r@polar 
4 
bindi-nf, Equition 36 shoyld b@ iRociifled by replacing -© in 
4 
th® <i#noainator by an effectlvs ionic charg# t®na Q . Petritz 
and Scanlon (42) reviewed other f#atur®s of this theory, in 
particular the inflyenc© -of th# -poltrizability of the ion-s. 
Thty -iipplied the th-«@ry to inte-rpret th« behavior of PbS, 
Stsiits the lattic-e scattering, -&catttring by iaipyritits 
a-wst be con8i-d#rtd* For scatt-«ring by ionized impurities, 
Conwell and teistkopf (12) dtrivti th® mmn free -path 
A = lf5#4sT ' 
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wheir# 
iC «• 4i@lectJrif 
id « mmmm iap«i^ lty s#p®r»tl,®n, 
t t. 4 i -4' 
Uswally V is »pla©©d by /6k i /m in th® #ispir«ssi@n- for'6 and 
inQ 'is thtfi'^ ©iitii®^ #^  t@ h® mnMtmt* F#jr, seattt^ ini by 
n®wt3rtl iapwritiet grgifissy '(16) d«vdl©|itd th® f@ii@wiiii ex* 
l>j?tssion fear th# mmn txm pathi 
X « . (38) 
" 20KMj^ h3 
Mn is th« wewtiral ii^ yjrity 4«n.sity, 
tdditi@iial seattefiftf p»€«ss ii that by <4isl©<;iti@ns 
itt siiiflt «ytt«3.s* i3«^ ist«x' aft# Seiti (14)- ii»e«8s«ii dis-
i@eati@n seatttririf f©r iilis^ 'ii. • Th«y e@ii€lwi«4 that 
m mmst* n it/m) , (39) 
whfii:# the e©n.st«fit. d©p«nd.s wp®fi th« elastie p»p#3rti«# ©f th# 
esystal ani is pir©piijeti®ft«i t® the •i«ft#ity ®f disl®©ati®fi 
M 
llmm .per e« . At Im disl#etti®o seatteriiiif 
iho^ ttld «l®«iiiiate #11 other typ«s ©f settt#riiigj hut th® ua» 
eertainty ®f the ditiiieiititfi d»ifi»ity f@r a particular ta-apl® 
mml4, atkf it. 4iffi#wlt ^  pr«ii«-t the t@8^ trat.ur® at which 
w@«li_fote.«w mmpm&hl% with 
atsylts h»md upstm i^ M«ti#«« tt.| 13 m4 27 in eon-' 
Jwnetiiin with th# th«@retie.sl mupw^ mimm for, th® »e«fi free 
paths art tal>»iat®d in. Tablt S, 
m 
Table 8 
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i.93 
3.14 
To a first approKiroation, when tvm or ffl©r« scattering 
pr@.c«sses fiiust b@ -taken into tcc@ynt at th@ same tisie, th© 
rtcipreeal of tlie resultant .»©billty is th-€ sura of th« rt-
cipro««ls ©f the separate roobilltiesi 
y« " /'L * /*X* (40) 
A more rigorous approach is to consider that 
1.1 iri^ .iiiii» # w 
Xh Jtl 
(41) 
This latttr approach h«s betn «ad© in the cast for which only 
acoustical vibration scatt-tring and ionized iapurity 
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scatt#i?inf are of liaportanc@ by Jon®s (29), who. obtained 
00 
 ^i / X?iP:' 
& • • 
 ^  ^i^)'JTlW 
© 
whei-e 
0 =• I . (44) 
Th«S:@ equation! follow directly froa iqwition 17, 18 and 41 
if it is asswatd that 
« Const. 
- • 
« Const# X V , 
The intefral in E€|«atlon 42 ®ty b® txpr«ss®d in ttrias of the 
cosine inttfral (Ci) aind the sin® integral (Si)i 
eo 
•6 
' la [ *• •^  """/i •*• • 
^ sin ) 1. (45) 
Jones C29) #¥iiuat®d Equation 43 nuiotrically and included s 
plot of T versus Johnson and Lark-Horowitz (28) 
us#d Equations 42 and 43 to construct graphs of + 
/ (1^ ) versus (ly^ |) / (1/^ 1 • l/y^ O and T versus 
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(l^ j) / ^^ l)| th«s« firtpha ia«y b# M»»i t® 4.%* 
t#3railMyU %ti4 r aan^ »x« icii®iiHi» Cmmll (11) 
pmmn%e4 * ga?«pfe @fyU%/yU% 
Hm tisif in¥»sttfati0n 4t *t8 in4«ptfl4«ntly 
«valw«tei» fti® jr««ylts &i %h|$ ®v*la«ti®ii, In' 
witli tfe® sesuilt by Jsms <S9) f®r 7* «s t fwwetisa &f 
/'//fli mm fimm In T«M# 13 tf th® Vtlwt® i$m 
this ttfel® w@r« mei t@ tensttwet tl*« grtpli tf il//^ )/il//^ X'*' 
l//^l) mmm in- Fif«i'« It an4 tti® §mph of T 
mmmftwn in Figm-e 13* fwm flfw# 13 it it »#«n 
that th# assxiiwa deviation ®f fmm th« ¥«lii« fiv«n by 
i^ «ti#ii 40 (addition #f r#cipi?@eal.s) it by t fieteie ©f 1.43 
im /^ i neafly equal t©fr©a fipii?# 13 it Is mmm that 
t^ « f^ etot T it i«t«i«in@4 piriiBax'ilf by th® th«»sl vibra-
U.n f«. path for/^ , <//i. 
B#sMlts «ntl#f©tts t© i^ watitnt 41 and 43 have net been 
*»rk«d @«t im ®th«r kinds ©1 scatttring., ehi«.fiy becawt# for 
wst stiile@nd.yet®J?$ stiiiiti t@ 4®t#^ j ani yUi hav« b®@ft th# 
only i^ fflinating i»biliti«S'. ©«ly im wftll-bthtvad 
«at®yials can mmh mm stXitii©# be plateii In thtst t"«fin«T 
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Figure 13. Dependence of 7'=RH/(l/ne) 
based upon graph by Jones (29). 
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!>• M@thods for Analysis ©f Data 
ixtrittsic reaion 
Fe>r a stmicondiieter eontaininf @nly donor ii^urities, 
the density of earritr tltetrens is fiwn by Equation 32. 
At low tt»p«ratyrts, wtil fo«l®w th« «Khay8ti®n. region f@r 
which n S i.qW'ation 33 wiil appiy* Thus, at low t«iper-
atyr@s, 
<r — mp [-CEc*Ed)/2Ic.t] , (46) 
and th# slop® of a plot of lo^ versys l/T showid giv# 
Eg • §0 -unlsss tht aobility is teap«r«tyre dependent# If 
the 'laofeility inerti§#s t® the t#»ptrature increasts, the slope 
of th« 1#^ plot should be less and ptrhaps ev«n negativef 
if the mobility increases as th® tt»p®ratwr@ increases, the 
slop® of the lo^ plot' shoyld foe greater. 
In this region the density of carrier electrons in t#»as 
of th@ Hali cotfficisnt is given .by Ecpation 21. Tht factor 
r* is difficyit to detejsiin«, byt it showild b« nearly unity 
«xc«pt tt very low temperatures. 
.For $»ic©ndyctors that havt a Itrge tnergy band s#para-
tion, the infly@nce of iapwrity electrons in the intrinsic 
refion is s».all. For this cas# th® d«nsiti®-$ of holes and 
alftctrons a.r® essentially eqw«l tnd Equations 28, 2f, and 30 
b.ecoBi@ 
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Ratio of Hall coefficient to extrinsic 
Hall coefficient as a function of ratio 
of hole density to donor electron density. 
I I I 1 1  I I I  
Figure 15. 
P/ X 
Ratio of Hall mobility to electron 
mobility as a function of ratio of hole 




Equations 5i ««<3 xeswit fmm Equations 47 and 31 if th# 
isipyrity eie€ts?@n eoneentration is negiecttd. Th« slop® of 
and th# inteieeept ©f this plot iwith th« I/T ® 0 axis shoyld 
be n«9i®ete«i in the expression for conductivity in th^  in­
trinsic region# If th® ii^ Mrity electron concentrstion is x, 
then 
2 
O' a cr» •eJcAT' , (53) • 
•where cr* is fivtn by Eqwatien $1^  Since o"* incrtases 
"•q/2 
rapitily as tht tmpemtum incrtases, the t®r» exAT is 
nefligitele in the intrinsic rtgion, Thwsj v®ry nearly cr'scr'». 
versus l/t shouW then give Eq - Ev 
Th® infiwenc® of inpwrity electrons may 
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VI. flESVLfS FOR MggSi 
A. Deseription md Q«.n#ril iehavl©r of Stapl# 
Thf MftSi sample s.el«€t@«i f©j? study was a slngl# crystal 
,081 m thick, »i02 m wid#^ and .5 gb l©ng. At rmm tmpm-
atwre its resistivity v«ried f.r®» ab©yt *03 ©hm^ em at Qm 
end to iibeyt *002 ©hw-ea at tht other ®nd, but must &f the 
tran$iti©n fr©« high resistivity t© lew resistivity ©ceyrred 
ahryptly near th® l©w resistivity end ©f th@ saaple. A 
frafaent ©f the i©w rtsistivity #nd of th« samplt wm spectro* 
graphically analyzed and proved to be spactrefxaphically pyr® 
with respect te all elenants txeept c©pp#r and silver# Gop-
p®r gtvt rise t« very m»k. spectral lines and $llv«r t® very 
fiint traces in th« sp®ctr0fraphs* A vtry crude ©stiaatt @f 
th® impurity coni;entrations @n the b-asls ©f the sp«6tr@*. 
graphic line intensiti®s <«»yld to® M p®r cent c®pp®r and 
perhaps »001 p#r cent silver| tht iupyrity conetntrations in 
the high retistivity @nd of the. saaple should have to#en less 
by ah0«t an o.rder #f ©tgnityde* The syrfac« .of th« crystal 
wss examined aicro®c®.pi.c«iiy, b»t th« Airbra.$iv®-finish@d 
sarftce mm& to® cciars# to reveal strMCt«ril inf©r«»ti@n» 
Frafraents fro® the crystal showed n# traces of eytectic for­
mations. 
iltctrical »«tsyrt»ents wtr# »ad# .at varioys locations 
on th^  s.aijpl€. The data to he pr@stnt«d h«,r® w«r@ for th® 
higher resistivity rtfion of the saapl.®, *«aswr®«ents .n«ar 
77 
tht Im £«sist|vity m4 wm-@ als® but analysis #f thes# 
»t8yr#M«ats mm mt c®osid«ir«i, vwrtiiiiiil# tetcanst #€ the In-
h@iM»f««®ity ©f th« fttaipit 4a th« Im resistivity tni# finten-
sivt t«ap#3ett«r® ia#asii.,i'««.tftts leai to th« etii-tlysi®ii 
that th« high 2f#sist4vity m$im ©f th® nmple was 'hOBwgtnf 
&m with respdet t® ehairft mmi%t density t& within tfe@yt 10 
pet etnt mm iistancts sb©«t I f» Cth# atmlaw® sepaMtlen 
iis«^  f©!- tht i-tsistlvity 'Th# Hall ffl©bil4ty at »©•» 
ttapfti-atwipe vfjri®#- 14ttl© th# i«iifth ©f the sta^ lt, tii«l 
th« #hfet¥«4 variations ®@«ld b® ««c#«nt«4 f®* toy the earriti? 
<i@f»»ity $m4lmt in th« stiapl# (that 4s, th® r®#i«tivity 
ii«asuteatiits gavt th« tvtrige 3r#s4stivity ©vtt t - will intef-
val, tni thi® tv«af« 9av« aisltaiing Hail ai®to411ty vtlii«s 4n 
the Jr®i40n® mhm® th« jr^ sistivity ihtiif#(i atorwptly), 
At irdna ttttpttitux-® « aafn#ti« £4«l«l @f 10 lcil®fii«a« 
<iii. not 4ner««st th® tesi-stivity @f th« Mf^ Si hy mm than 
0,3 p«r eent 4f st ail. A sllfht immAm CO.3 pm mat) in 
th« p©t#nti*l top l5«twt#n th« ^ «#4st4vity p-r#te#® was eays®4 
by th#.»tfn«t4€ fi«l4| 'but this wtf p»bably 4m t© th# in-
h©a©ftntity ©f th« saaipl# art th tip thtn a Mfa@t©r®«ist«ne@ ©fleet, 
fh# iibstnee ©f a iiafne't©,TOs4stan©« tfftet is ®n« ei'4t#fi@n 
ftjr th« validity ©I th® wmk'flmM. th#®-i?y ©f e@niiietivity, 
iithin #j{p®f'4«#ntiil mm^ th« Hall esnst^ nt at mm. 
t«ap«jtat«r® w«« ind#p#n<i«nt ©f th« asafntti© fitW- f@jr fi#id®. 
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Figure 16. Dependence of ratio of Hall voltage 
to sample current on magnetic field 
for MggSi. 
H at r#@ra teiip«r«tyi»| the data f®! this pint' %m given in 
Tablt 1# of th« App«fi4iK« ftr iff t@ h% ©onstaiit fm all 
fields, fflwst iaer®«e lii»e«riy with th« field since 
(%/!») t X 10 m /e#wl-i«0fe 
th« #f S' li#ld iMspeiiitnt Hill e©@ffi<ii#iit is 
an©th«x exit«#i®n tm th® validitv of «»tk MfMtie fi«id 
th#©xy, 
8* Sltatri^ il le«isti¥ity.and Hall i f fe€t 
f@£ 'itll t«mp@iratiiret th$ eltetxieal aea&tirtttentt ©n the 
Mf:gSi crfstal eensidertd t#'l»# felitisl#* The l©w teaper-
tttts® d«tt m@ pi!®s#nt#d in CSwtt'X) «nd table 17 
(ftwn II) ®# th« • ^ p«ridix. th% high t®i^ t»«twi'@ dats «i?# pre* 
s«fit«d in Tatol® IS •CI»£«i,iMina*y Rm) and TaW@' 19 iMn I) ©f 
th# %p@adi*# fhe l@w t«Bpearist«r# • ryns will be referred t© 
as L-j. «-nd L-II, m4 th.t hifh teaptratw® runs, as M-F and H-i. 
P©r iwas i-*! and M*! th« ^ attsiri'«si®iits w®» f©r th®' ta®« refion 
©f th® mmpl% ®n©*third ®f the w&f fmm th« and @f 
hifher resistivity)* Run L-Il w*t f®r t region @f slightly ' 
hifhtr resistivity ii«ar«r tht mmtm ©f th# st«pi«.' IM" 
f@rt«ntt(tly, th@ Hall pr©fe®s slipped #£f th@ sarapl® durinf 
Ryn and n® H«il data wm% ®fot«in«d ©n'thls rwn. 
Ih® l@fariti«' ®f th® resistivity as a f*ineti®n @f recjip-
r®eal t«p«rdtwr» i# 'plotted in Fifur® !?• 'In fifiirt 18 is • 
sh@wn th« l®iarithm ®f the sfes^ lutt v»l«® @f the fl«ii 
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Figure 17. Resistivity of Mg2Si. 
81 
TEMPERATURE , T(®K) 
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Figure l8. Hall coefficient of Mg2Si. 
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cotffictent plotted against the reciprocal of ttroptrature. 
ielow 200®C thif Mg^ Si samplt behaved as a typicsl impurity 
seaiconductor. Slightly abov® tOG-®C app«r®-nt intrinsic mmi-
conducting behavior was observed* 
(^ alitatively the behavior of the resistivity may be 
explained. In the extrinsie region, sine© the Hall coeffi­
cient was negative, the eondyotion wis predoaintntly by 
tltctrons t3«eit0:d from donor Itvels. Th« ©ifnityd# of th# 
I ? 18 
Hall coefficitnt iiiplied a carrier dtnsity b«tws©n 10 and 10 
eltctrons/ca^  in tht extrinsic region# As the teaperature 
incr«tt@d tht mobility began to decrease rapidly with toinper-
atyre and this cayted th© resistivity to increase sharply, 
Th« resistivity contlnwed to iner#as® until the t«iip®ratur® 
was hifh enowfh to ©Kelt® a large nwnbtr of electrons from 
the valtnc# band to th# condwctlon band (that. Is, until in­
trinsic conduction b®fan). from then on condyctlon was by 
both holes and olectrons, and them Inereised in density 
rapidly as the teaiperitwre inerttted« 
0. Hall.Mobility 
Figure 19 is t plot of tha logarithm of the Hall mobll'-
ity ® 1 %l cr ) versys the logarithm of th® t®«perature. 
Qyalitativ^ ly, this curve may be txplained.. At low ttmper-
atwres scatttrinf by dislocations and iiipwrlty ions essen­
tially det«»iin®d th# mmn free path of the electrons, and the 
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Figure 19. Hall mobility for MggSi. 
04 
with ttaptratwr®. As the temptr«twar« increased, the scatter-
ing 4m t© th@im.al agitation ®f the atoms 4mlmt&d the laean 
free path behavior, tad th® m©bility passed' threwfh a aaxi-
iiiMB and decreased, As latrinsie c@iidwcti©n became important 
the Hall. »obiiity dropped i®re sharpiyi this was p.r®bably 
because ®f the iQwering of the Htil coefficient, hence the 
Hall mobility, by the abundance #f holes. 
The data d.id .not extend to temperatures sufficiently low 
to enable a determination to be »ade ©f the dominant low 
teaperatyr® scattering raechanisii» Fro« the rate of change 
of curvature of the Mall mobility curve just above 60®iC it 
was concluded that at s©ae^irtTi.tt lower temperatures the Mall 
fflobility probably mul4 have decreased li.nearly with teoiper-
ature# This ^«»uid indicate scatterias priaarlly by dis­
locations, but lonlied impurity scattering way not be exciuded| 
the .Hall mobility .should not decreis# as rapidly as the actual 
drift .iiObllity because of th® teaperature dependence of the 
factor y durinf the transition froa thermal scattering to 
scattering by impurities or iaperfections.. if the scattering 
was prlwarily by dislocations, the low temperature mobility 
would have been approximately 
« 10 T ca*'/v©lt-se€, (55) 
If scatterlnf by ia^urity ions was the dominant factor, then 
the laobility at low temperatures w®uid have been approxi-
wately 
l/t 2 
9^n^I ® ^ /volt-sec. (56) 
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Th@ c©ftstafits in these r«lati©ris were deteiained by the Hall 
t . 
»©bility vilu® C711 m /v©lt-s«€) at 6i..5®K, and th®yi;should 
b@ coirr#et to within a faeter ©f 2 ©r S wnd«ir the implied 
asswptidns* 
j%©ve iOO®K: th# Hall mobility initially decreased with 
te«perttMre »©r© rapidly than would be predicted m the basis 
©f icittering by ac@«-sticai wives# There are possible three 
interpretations ©f the data in this teaperatwre regions 
CI) The ffiobility was determined primarily by acoystical 
ffl®d«s, bwt deptrtwres fr®m the Bebye frequency dis-
tribytion function caused departures from the ex*^  
-s/t 
pected T law# 
(2) The mobility was detemined primarily by sctttering 
by acoustical waves, but in this temperature region 
the activation ©f optical modes caused deviations 
-3/t 
fr®a th© T law. 
(3) The ffl©bility wis deteaiined primirily by scattering 
by acoustical waves, but in this temperature region 
holes froa acceptor levels is i»ell as ei®ctr©ns 
were activated, fiving rise to a sharper descent of 
the Hill mobility* 
Th® reason for assuminf scattering primarily by acousti­
cal waves was that between 300®K and 4S2®E the Hall mobility 
a 
data had a root ®ean square deviation of only ,35 c» /volt-
sec from values given by the relation 
(»9926 K 10^  )T ciaVvolt-sec. (57) 
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Th@ fitst int«rpr®t«tl0n abovt, that d®|»artyr®s f3P0i» the Debye 
frequency fwnctiori ©ccurred, ©©uld be checked by Cl) studying 
staples ©f higher p®r£«cti0n ind purity far which scattering 
by thenati vibrations w«»uld d#fflinat« down t© very low temper-
itur«s tnd ig) ia@iisurinf tht sptcific h«tt as a function of 
t#aperiturt for MfiSi# Th® second lnt®rpr#tati@n, that 
polarization wiv#s w@m activated, ilso could bt checktd by 
specific h«at »ea«ur«a®nts» 
Th® third int®rprttation, that hol«s w®r@ *ctivat®d,'was 
©ugg«st«d hemum of th® @bs«rv«d behavior of th® Hall coef­
ficient b®tw»«n and 300®.K* In this t«iap«ratur® region 
th® Hall c@«ffi©i#nt b®f«n a st®®p descent which could b® 
©xpltintd by eith®r th® ®xcitstion of hol®s from an .acceptor 
l®v«l or th® excitation of tltstrons ffo» a second donor 
level. In the fom®* ca-s® th® Mall mobility should drop 
»ore rapidly than th® ®€tu«i drift »©bllity# This int«:i^ r«-
tation was given credence by th# fact thit th® only knowi- im­
purities were copper and silver, ^ Aich if substitutionally. 
located in the Mf^ Si lattice should tend to disrupt, valence 
bonds and effectively cre«te conduction holes. 
'The asf.wapti©n of acceptor inpurities, however, did'not 
let®- t© be compatible with all of th® observations. Specifi­
cally, the Hall aobility at r©#« t®«p®rature did not vary 
within e:Kp®ritt«ntai error over th® length of the crystal, 
althoufh the resistivity and Hall coefficient varied by an 
order of aaignitude. This «ay be seen by eKamination of . 
$7 
Figures 17f 18, and 19| th« Hall moMlity for T <300®K was 
obtilntd fr©m tli# L-II bartnehes ©f th« wsistivity and Hall 
e'0@ffici#nt eurves,. and- f®x T > 2f3'®K, fjco® th« H-I brtnc.h©s, 
Th«se bxanchts w@x# fox diff#x#nt x«gi#iis of th® sawple, 
which aceounts f©x th# di$©®ntinuitits in j) and % at 300®K, 
but tht Hall m®feiliti#s it 300®K fox th« two- bxanches tgx##d 
tQ within 1 pex eent# If th« i»pwxities wex« acceptoxs, thtn 
th® pxadyet ^  cr sh@wld have b«©n l«ss n®fat4v« in the lowtx 
pwxity xtfion. Sine# this wit ii@t th« eas«, tleetxont must 
htv@ bten th« dominant «axxi®xs ®f -ehaxftf thys, «ithtx til 
©f tht iapiixitits w«x« donoxs #x th® «ltetx@n t© h©i# m#bii-
ity xati© was ¥«xy laxge. M&xe©v«x, if tht mlf kn©wn ina-
puxitits, €opp©x and sil^ ex, f*inetion®d as- aeeeptoxs, it 
W0«ld b« xithtx diffieylt t® ©jcplain th« d®»4n-ant n--typ@ 
bthavisx @f th® st®plt# 
"S / t  
Asswaption ©-f -a T " t®*p«xatwxe deptndtnc.# f®x the 
®obiliti@:s wts- n@t <5-©»patibl@ with the intxinsic data if in-
»% 
d#ed th« iftobility x-ati© is laxge f©x ^ t$i-| xathtx, a T 
d®pe.nd#nc-e w«tyld h«¥® t© b# isswtd t© explain th« dtti.. 
S4ne«, in th© x©9i©n 300®K < T < 48t®IC, the Hall mobility 
* B/'M 
did v»xy as f $ it s«©ia«d ii©x« px©btbi® th-at this tesaptx-
atux# d«p@nd-«:ne« f©x tht wibilities was vslid al»@ in the in-, 
txinsie xe§i©n. th% possibility that th® aiobiliti®® d®-« 
6X«is®d netxiy as T ^  and that th® ®ltctx©n t© h©l@ a©bllity 
rati© WIS laxf® way n©t b« disx®faxdtd# Oat® f©x t laxg® nwm-
btx ©f samplfts lilc@iy -will be xei|uix«d t© xesolve this point. 
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Th@ analysis to fe»« pr®stnte<i hmx@ was based ypon the 
,-.3/2 
«ssw®Bpti@n @f a T - law fox* the aobiiitits. This assump­
tion iaplied that ©niy #ltet»ns mm of i»p@i"tanet in the 
extrinsic In this ease th« impurities, c®pp«r and 
silv#r, mu#t b« tssiwtd t® havt funeti©n«d as d,©nors, Biis 
is not unr#as©nable if'th®se at®»s enter interstitially into 
tht MfjSi iattic®! in this eas© each at<s« muld c©ntribut@ 
its outer vulence,«l«cti:«n t© €@nduction pr@e@is#s. Even if 
eopp«r and silver tnt«r sub«titutionaily int® th@ lat-
tie®, th®y p@ssifely «®y serve as'd®n©rs. Furth«r study of 
MggSi crystaiis. is n#®ded in ©rd#r to d@temin« th« tfftets 
®f various impurities up®n eenduetion pr©etsses. 
As JBsntioned, in the region 300"^  K < T < 482®K; th@ H®11 
mobility was giv#n by 
6 •** 3/ 2 2 
»• (.9926 X 10 ) T m /mlt'sm, (58) 
F@r seitttring ©f electrons by i€©u#tieal waves, th# Hall 
wQbility should «iiee#d the actual drift wobility by a factor 
r « 1,18 im@ Table 8). Thus for MgtSi, 
I •» i/i i 
« C.84 M, 10 )T em/volt-ste. (59) 
B. An«iysis of Pata 
Th« resistivity (curv® L-II in Fifur# If) was fiven by 
J> « ,mi7 ®xpi.010i/2kT>ohtt.€i9» (60) 
for t#«p®ratures less than 94®'IC» In^  this refion the ability 
Increased with te»p@ratur®, and th«r«for« th« actual 
$9 
activation mmmv piobably less than tOO? @v. This 
implied that 
iC. - iO < .01 ev, ? < 94^ K." (61) 
This rtsnilt was e©iisist®rit with th« activation tnergy ob­
tained fmm the Hail cotfflclent data, Tht Hall coofflcient 
(Cyrve L*II in Flfyre l8) had t«® branchts lAich, #xcept for 
th« aro-undlnf of tht near i60®K, wem given by 
EH «-il*a #3^ C.0072/2ICT) .T < 160®K , (62) 
m « -1.68 #KpC.064/ikT) JOO®K > T > i60®K . (63) 
Th« activation mm§Y obtalntd from th® branch at lower 
t®mpifratBr«$ shoysld be soaieitoitt larger thin th® tctyal acti­
vation en#rfy» • ThMSj the Hall data implied th« txist@nc® of 
a low te^ ijeratwr# donor levtl fiv@n by 
iC-- loss «v, T < 160®^  (64) 
As stated before, th« hlfher t«ap#r®tyre branch could have 
been dw@ to an acceptor level, although th@ M^ all coefficient 
romaintd negative* As. has b®«n pointed outj this hypothesis 
was eonsidtrtd not p^ robablt. Th@ altsrnativt was to tssum® 
'a socond donor i#v®l ,®t about »06 ev below th« conduction band, 
to d«t«r»ino the-mafnltud# of th© impurity concentration, 
a calculttion for T « 100®jK. was »td«* Bquation 33 was used 
If. -3 
with an « II, Eq » Eo = ,006 ev, and n » 2 k 10 cia ., The 
valut for n was deduced from th# Hall data by assuminf that 
•Rh « -l/no. The calculations gav© 
Hq^ I K lo'® cffl"^ . (65) 
A similar cal«ulati©ii wts mad« f©r T ® 200®IC, but with 
If -t 
% - Eg « ,06 ©V «iii n « 6 K 10 ca |the result was 
% ^ 2 3C 10  ^• C66) 
« ft 3 
i« Mfg[ii there ar@ 4»o m 10' -atsas per ca § thus, the ealcu-
lattd iapurity consentaration was ®f the o^ ri«r @f *01 atomic 
per cent.. This result. m% in agretraent with th® sptctro-
graphic anilysis of th« s»pl®. 
The tMlysi$ of th# data for th® iotriwsic rtfion de­
pended critically upon the .assumptions aiade for th® teiopera-
tur© depfifid«nc6 of wibility and th# eltctron to hoi# nobility 
ratio. If a p*type si»pl® of M^ fSi could be obtained and a 
dir#et dtteiatinttion of^ p atd#, th# mobility ratio b could 
be fi»d. within narrow liaits and unqutlifitd conclusions 
could be rtachtd for WgfSi. In th« abstnct of knowledge of 
the laobility ratio, an analysis of the behavior of tho sample 
could be »ad® on th« basis of either CI) i mobility ratio 
•l/t 
neat unity and a T teiip«riture d#p«ndenc# for the .mobil* 
iti#® or C2) a hifhtr wibility ratio and a stronfer t®aipera-
tur® d@p#nd.@nc« for th® aobiiities* 
If th# electron mobility is fiven by 
-•s|/2 
» AT " , (67) 
then the resistivity is 
J>^  ife ('blr) ®^ P • •Hv)/tkT] , (68) 
n 
whei-t 
S « (69) 
Bit resistivity itt» fm ^ gSi mm pX®tt«<l with l@i yf f 
iS a ftii|«%i@ii @f i/f im B ^  q ^  Wm q « 6 it i# iaplitd 
that' th# ®.lt©t5®ii »Mlity irexiei le. th# ^ Htll ^ ©bility 
was @b*»:pv«i t© i#«jr#as® nm^ ely «s f3 in th® iatsiiisie tefion. 
The pl®t« «»® Btmm itt fig«»« all t#f«^ tially ftii ©n 
ttraifht lines.# Vmm tfeeie plet# the ¥«ly®i tm eAS [ (fe + l)/b] 
m4. % - •% were 4®:.tt««i«®i fi?*phi«ally. Hi.® vtl-iie @f A wtt 
fixed hf takinf the Mall M#b.iiity if$ $««/¥®it»t«t) at 4Sl*7®lC 
t® be the i»foility» fhe teswlts ®f the## ileteiai-
natieaf tie# fiven. i» Table f# 
faWe' f 
Qspiphieally i®te«ai.ii®^  tetistivity fm Mf^ Si 
, Ec-Ey «AB(^  A B(^ ) 
c^ „.Aro/2) (.V) (^ ) (._j|i£_) 
.g • 41 6.1x1© 4,-.6xl0^  8»gxlO'^  4.1*10*^  
s .47 t.fxlO®- 8,mo^  i.ixio'^  1.0x10 
4 ».f4 1.4xlOJ triXlO? 4,0xl.®»'^  t»OxlO 
.5 • 61 6,fxl®^  4.2x10® f.7*l®«® 43JC10 
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Figure 20. Log(^ T 2 ) for Mg2Si sample studied, 
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Tht valy.#s #f i fer b « 1 given In Table 9 are the 
siialltst Ksiiieh rt®iilt for b > 1. F©r " ® n, i » 4,82 x 
1 S • 3 
10 Gin ' I v$l«8S f©r i higher than this miy b« aecsMnted f©r 
by deptrtttrts ©f th« effectlv® .laassas freni'.tbt free eitctron 
•mass; 
¥m q » 6 th© e^ prsssi^ fl f®r th« ifitrlii.si€ h©lt. audi 
electron d#fis£ti«s. wa® . 
n » p « 2.4 E 10*^ (lfe) mpi'AB/lkt) , (70) 
ff' t© -3' 
whieh gave densities b«twt@n. 10 and 10 cm iii tht Intrin­
sic region. f@r this ©ast Ferwi^ -Dirac stitistles shoyld be 
wsed sine© the d«9eB«ra.cy ttaperitur® »«yld b® @f th« ©rd.tr 
of the t®iBp#ratyres for which the data were taken. %pr©«i-
mateiy then (f2), pp» 28§-28i!j 
%= - s|- ^71) 
m4 /in J^Un * C72) 
I-q[ttatl©n 70 %mm satlltr values by a ftetor ©f 4 than 
wtre ©bs@rv«d., bwt^ aer® tccyrat# analyses aight lead to bet­
ter sfreeiiient. Thys tht .astwiptiQn that q « 6 reswlttd In 
an analysis wfeieh mm coiapttible with the data. For this 
eas© b had to b# assiatd largef otherwise, the calcylattd 
Htll aobillty initially d«ere»'$#d iter# rapidly than the ©b--
served Hall itoblllty# 
F®r 'q » 3 the intrinsic @l®ctr@n and holt densities were 
giv#n by 
n « p « 2,1 K 10* '(bn) T^ '^ *©KpC-„47/2kT) . C73) 
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This expression gave .densities between. 10^ ' and lo'^  cm ^  
for tht intrinsic rtgioni fm this cisif' the non-degenerate 
a.pp^ X'OxiiaatloR was .Justifi®d. Sin.c@ the impurity @l®Gtr®n 
de.r!i$ity wa® not negligiM® in isoiapax-ison with th® intrinsic 
carrier density, the infiwt.n©e .iapyrity titctrons ha.d to 
hm considertd. In ftetj the intrinsic behavior in this case 
wat dye largely t© the h©les» The »©b41ity rtti® csmld net 
@xc«#d unity vtry «ych| ©therwise, th® sharp drop in th® ob* 
served Hall «©bllity could n©t h% @xpiain#d. 
Oth#r .assyiatd vtlyes ©f q r@sylted in snalyses con-
sistent with the data, Ili« .calcwlattd tlectron and hole 
d«nsiti,ss and th#. i«|sli.®d metellity rati© incrtas@d with In­
creasing q v*lw.«.s» 
* i/ 2 
As has i>t#n #jcplsi.n®dj aT teiaperatyre d«.pend®nct 
f^ r the iiofeiiity was ctHtidered ii@rt retsonable* The electron 
ffloijility was considered to be given by iqnation 59* By tht 
aiethod of least squares, the resistivity data was fownd to b# 
•fiv®n by 
Inf ^ lnil/3im * .484/akT , (74) 
The constants found b y  the «®t.hod of least sqyarts difftrtd 
slightly from the graphieilly determined values for q ® J 
given in Tabl# 9* An '©nergy band ssptration of ,48 tv was 
thus fownd for Mgg$'i.» The value obtained for i from icjua.tions 
59t 68 and 74 was 
(75) 
B » (j%) (.84 X "idtif&O'x 10"")' 
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Different valyes fax b were «ssyiii#<4 and the intrinsic 
carrier densities mm coiapytecl for each temperatyre for 
which Hali dita ha4 b®en obtained. The in^ writy electron 
density was known from th# extrinsic Hall data to b« on the 
iS -I 
ordtr of X S 10 ca , and thus for each teaperdttire a value 
for %j could b# coinputed by using Equation 29 with T" 1.18 
in conjunction with 
a/1 
n - X ® p » IT' • expC-«48/2kT}. (76) 
For b « 1 th© tiiall^ st value for B, snd henc© for th# intrin­
sic carrier dsnsityj was obtstnedf for this cast the calcu­
lated Hall coefficients did not dtcre-ase as'rapidly with 
temperature, as the ©bs«rvi®d Hail coefficients unltss x ms as-
t i  - I  
suffltd to less than 10 cm » For b « 2 th® value obtained 
for & gav® larger carrier densities! th« Hali coefficients 
cticultted for b » 2 decreased .more rapidly than the observed 
Hall coefficients as the teiaperatur® Incrtasod, unless n wa® 
If *3 
t&km to be about 10 c® . It was therefore concluded that 
1 < b < 2, 
fair hitmen cticulated and observed Hall coef-
18 3 
ficients rfsulttd for b = 1.3 and x « 1,2 x 10 cm. . .Figure 
21 Is .3 plot of the Wall coefficient ctlculated for this casef 
the @3cp#riasntally d^ teiained points also are shown. The 
agr®#ffl@nt mm not perfect, but tho trend and oagnltud.® of the 
calculated Wall coefficients indicated that th# iiobiiity ratio 
was probably dote to 1..3 and that k (th® i»purlty electron 
I # • jj 
density) was near 1.2 k 10 c« , The, calculated Hall 
96 
900 800 700 
TEMPERATURE, 
600 500 450 400 350 
-OBSERVED 
•CALCULATED 
I I i I I I 
1.4 1.8 2.0 2.2 
1 0 0 0 /  T  ( ® K )  
2.4 2.6 2.8 3.0 
Figure 21. Observed and calculated Hall coefficients 
for the Mgasi sample studied. 
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'Goeffieients 4«pend®€i markedly ypon the astwaed value for k. 
in particyiar, if the iiapurity c.arrler dmnslty was a®s'i«ed to 
gxidwaliy Incrtas® by a faster @f 2 t® 3 in the intrinsle 
rt-gisUj the ««leylated Hill c#«f#i«ients mere ntarly agreed 
•with th® data. 
Tatel© 2Q ©f th.® Appendix, gives th® carrier d@ri.sitles 
f©r v«ri©«s tti«pe.»twr®s. Th# v&i«es im t > 300®K were 
ealeylated by «siag i-^ atisii 76 .and asswainf the impurity 
electron density to bt l*:2 n. lo' ero » Th# valwts for 
T < mm c.0l©«iated fr@sa the low teiBperatwre Hall data 
by y$ing iqw.tti«?fi 21 antd. asiiaiaf T » i.l8« lh% calcultted 
intrinsic carrier densities trt depicted by the s©lid-line 
curve in fifure .22.| this curve coin-cidt-s with th« calculated 
density f©r hol#s» Th« d:ath.@i-lip.# curw in Figyre 22 gives 
th® #ltctr@ii. dtnsitits for the MfgSi %mpl^  studied. 
.Fc.r b « i»lj. Eq«.tti0ri ?$ fav® 
16 -»3 
5 * 1,32 5c 10 m 
By 69j therefore, 
10*^  « 2*4-0 
\  a®' /  "  4 » 8 2  3C .  1 0 * ? '  
or « 3.6i. The aability ratio was 
* s/$ 
k> » Cia.n/ffip) « li3 
whence ap/iin'»- l.»i* iQ«ati0n.s 78 tud 79 may be s#lv©d f#r mu 
and 8ip, and th® selutioas ar« 
®ji » C1.8}iEi 
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Charge carrier densities for MggSi; classical 
statistics are valid for densities less than 
the degeneracy density. 
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Th# yfiderlylftf assyiiptioft of this iniiysis @f th© data 
•l/t 
was that th® a@bilitits varied with t««p«i*at«re as T 
The results f@r MffSi «sy fee syramariztds 
(1) The tieetrsfi t© holt aofoility rati® was near 1,3. 
(2) The electron webility ab0¥$ ^ 00*'K was 
4 - 3/i li 
C»84 k 10 )T • cii'/veit»s®G| th@ h©le aoWlity 
$ »j/1 t 
thus was C.65 k 10 )T ca/¥@lt»sec. 
C3) The ©atl-fy band s«p«»ti©ft was *48 ev, 
(4) tm 4mm imparity itvtls, ®n« »b#iit ,006 ev below 
th® e©fidwetion band and the #th#r afoowt ,06 ev 
b@l©w th# cofidaetion band, wer® f©««d. 
(5) Th# oats fm electr©iis was Cl.8)ni and 
th# e-ff©etiv« aass for h©!©® was C2,0)ia, 
mi. mmvts FC® 
A, ©e*ei?lpt4#n wi S«li«vi@x @f 'Sas^ l® 
He s«l#CTE<S f@je studf was a 
siiifl# «rfstil .17 cm wid«, ..06 sa thick, %n4 1*4 m Ion®. 
It h-td • ®®aJ.l e^ stalllt# in«l«#l@ii m%x ©nt tfiif »®aswre-
mm%9 mm ii©t mai# n#«r this end* Ex$#pt fos $ 
r«f|.©fi i on l©Ri y^ ieh had-»'•rtsistivity #f *Q§ th« 
®©@ii t«ap«-iratwi?« 3r##i#t4vity vsfitd b®t«»«©:» ..0?i Mn4 .oSf ©ha* 
m al@iii th© l#afth ©f th# twplt, "Hi# itsistivlty was- «stl» 
raat«4 t#. te't «fiif®» t® witteia $ p«? cm% in. that XB^im of 
th# s*mpi« ¥stoich th.« data t@ b« 3f(ip@rt«d- wme ®tet«lned. 
th® p»®parati®fi #f this erystal, th« srweifeit cxaefctd 
a«i th@ ««lt ii*t#»©t®i with th« sttinlfss st#«l mils the 
feti#-typ® fummce^ » this appreciably «®fltaisiiiat«d th® cipystal 
at siibmqmnt sp#ct»i^ aphie analysis prav«<4« Th# sp#etw>-
f^ aph »ev«al«i the f©ll©*ia§i w@ak lints 4m t@ i.r©a| vary 
wtak lints • dwa • t® «aaiaa«a®| ,t#aeai dn# t# eeppa^ j-, aiivaif, 
ehrtaiMwi, a-|id niekalf faint tta&es d»« t« ailietof and- vary 
faint tifa«as 4m t© alwainuw-. Th# 6«ft6«initrati«ia @f tha maj®r 
i^ Msritita, ir©ii and aan^ aaawi pt#feafely $bQut <^ Ql par 
cant- frafiaaiits #f tha crystal sh@tii«d m -autaetic f©-rffiati©iis. 
At mm t»»p®rat«r« m wafttatareaistahea affaet waa da-
ta«tad« fithia axparisaantal arrar, tha Hall eo-aatafit at r©@a 
taraperatMta-was iadapaada^ t @.f tha aafiiatie fiald far fialds 
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Figure 23- Dependence of ratio of Hall voltage to 
sample current on magnetic field for 
MggGe. 
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H at r0®» ttfflperatwjref th® pl@t Is iin#a? as is rtquired t© 
obtain a fi«id iiid#p#fid«fit Hall eonstasnti The data for thi® 
pl©t *rt given in Ttblt I5 ©f the 'Appendixi 
S» iltetrical fitslstivity' and Hall Effect 
Th© iQm t®®p«rat«re laeasureaents f©i? MfaGe .were a©re re-
liibl® than the high tt»p«ratMr@ A® was ex­
plained in Chapter IV, abovt r©©a t®iip«ratyrt th« vsltag# 
b®tw«tn tht r«si$tlvity prob#s, Jyst afttr the -staplt current 
was shut off, was quit® large. The effect of this «xtraneoys 
v©ltaf® ©ft the resistivity mmaummmt^  6©yld n©t be evaluated 
with ©ertiinty* 
Th® l@w te»p@rtturt data fer MfgCI# ar# presented in 
Table 21 ©f the App«Bdix| th« high t@«p®r«tttre data are pre-
senttd in^ Tabl© 22. Tht l®farlthii of th# resistivity is 
pl©tt#d as a fyneti©n ©f re©lpr©etl t®iap«riiturfi in Figurt 24| 
th« l@9arlth« ©f th® Wall coefficient is pl®tt©d as a function 
©f r©«lpr©cal teiiperatwr# in Flfur® 25« 
The resylts aay b® explained qwalitiitlvely «§ w®r® the 
results f©r MgtaSl, F©r th® mmplm, the Will ©©efficient 
was n#9ttlv« f©r all ttwptratures, which indieated that @l#c-
trons wer® the-.donilnatinf ©harf# carriers. Apparent Intrin­
sic behavior was ©bservtd abavt 
Flgur® 26 Is a pl®t ©f th© l©9irithi« of the Hall mobility 
against th® i©farithait ©f abt©l«t.e ttmptratur®. Th© thspe of 
this cyrv® indicatts that «t v®ry low teaperatur©® th© 
102 
TEMPERATURE, T(''K) 










5 6 7 8 9 10 I 
1000/T C'K ) 
12 13 14 15 16 17 
Figure 24. Resistivity of Mg2Ge. 
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Figure 25. Hall coefficient of Mg2Ge. 
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#l«c;ty©i» in MftSe flilfht have incjrttted m T 
After p-asslag thr®«gh a iatsci»w at 110®E, th« .Htll «©billtf 
mwym fitarly as f ' Just b©l©w »#» t®i9p#rat«re, 
-1 
bMt m&m mmwlf m f «t 450®K» In th® Inti-inslc rtfl®n, th@ 
inlti«l sl@p# #f th« Hall neMlity mtm is nearly that' ©f 
• i • g 
f •, but It t@' taper t#. that @f 1 \ab©vt 678®K» 
Hsll ittt was mt ©btiiaed at siiffitisntly awy t#i^ «iratMres 
t® 4#t«»in® with any e#:rtainty th« Hall e©®ffiti®nt eyrve 
678*K. H@w#¥#ir, th® f»n®^ il b«htvi@ff @f th« @bs©rv:t<4 
Hill iwbility «»y b-e iiitt3rpje«t«d. -As lattice s«att®.rinf 
i^l®ain«nt, seatterinf by bath mmMml m4m% aiKi ©ptieal 
BQ^ m. €©ntribMt«i %& «lte3?«asiaf tht asbility, i@th tt l®w 
t«ap«iratw¥#s ani v&wf hifh tht .s€#tt»irinf by 
actwstieal a©:##® .»«y b# donlnantf at l®w ctr-
ttiiily shall bt Itff® eeiapajie^  ^^ 9** t«fflp©r» 
atwr«s^ L s»» rapiiiiy with t#^ «Mtwi'« thaiyif|»« i^ t 
s#»® iiit®we«iiat« te»p&ritur@,, hawevty,, l^ (Mp ©ould b@ coiaptr-
able with l/yU% m4 seatttxiiif by p©la^ iiati®ii waves w@wl<i then 
havt lt« aa3ii»«« «ffe®t* T@ taiplain th« ability litta f©r MfgCfe 
m this batis the ©htxtittfistie t«®p«3eatw3r« f#y tht ©ptictl 
a6@i©« muM htv# t© b® ©f'th® @f 3e©« teapti-atia#. 
tainly data f®sr «tny »of# «n^ ..®ta#t»#®®nts ®f the 
fp#tifi« heat a*# n®#4#«l t® tstablish th® rtlativ# ii^ ®rtance 
#f »##w»ti€ii m4 ©ptisal vlbiati®n sciitt«tiftf pmmm&9 f®y 
The in«iim.«ti®n, ®n th«. batis #f this inv««tifati©n, 
i06 
was thdt pdii£izati@ii waves mm dl leifXti«A@t in Mgt@9, but th« 
data iQw th« tanplt »t«fSi®d wsr« !i®t s«fftc.i«fit t© s«rv® m mm 
tlian a basis fdt €@.iiJ«®twjr## 
• In th® ifitjpi^ sle i®n., «b®v« 4^ ®K, th®. initial «t#«p <#• 
©line @f th® »kil »bilitf «ay b« «xpltiii#4 qualitatively in 
®ith®t ®f tw@ wayti CD th® iftttiiiaie earlier di«ntity greatly 
«KC®®:«I®4 th® la^ wity i®iis4ty, a.tti th« aet««l 4£ii% m* 
•a 
bility f®ir «i«etif®fts 4mmm«4 at T § Ct) tli® ij*t*i^ sic 
«a3f«l«.r density was &i ,tli« #ra®i? ®f, but ®w»rtaisi»f > the ia^ wity 
eair^ ier sl®n.»ity, ani tfe® •tjwnf ieelia® @f th« .Hall Biebility was 
i«® t® th® increaslfif inflwen®® ®f fa®l«», flier®, was »« m&mn 
t® ass^ M® the aetaal i-tift wbility im el®€t»®-iii ®liaiif«d ab^ impt-
ly itm a T t® a T '^ 'ili-peniefi®® at ani.the 
seeeml iltefnativ® «jgpiaiiati®fi was ftvatetf* the -ilata eotilil be 
analyte# t® -ieteMia® the te®havi®t @f th® «l®®t«»ii' 4»ift »bility 
if the ®l®et«®ii t® h®l« »@bility jeati® wear® Icfi®^ . 
•6* Atalyai® @f th® fiata 
i»l®w 10S*E th® resistivity im th® MffQ® saiBpi® was given 
by 
 ^* «034S ®iip(»011/tfe.T) ®h»'»e», (80) 
and th® Hall ®®«ffiei®iit mM qiv&m bf 
%• w -lS»7 expC#0O#VSief) eoV®®ul®fi^ » C8l) 
th® •4@ii®r l®v®l® thu# lay ab®ut ®v b«i®w th® ®®nilM®ti®u 
bant^ # • M. 100®K th® Hail ®®effi®i®«t data iii4i«at®^  aa ii^ pyrity 
If •! 
®l«et3r®a <i««aity ®f ab®wt 3 it 1© ®« • fiR«®-the spe®^ -
firaphie analysis ®f ^ e aaspl® indicated ii^ tirity 
10? 
':ionc@ntiritiORs »uch thaa this, it is apparent that the 
major iropux-ity atoaas, iron mangafiess, tither- efftetively 
4Qmt®4 mly a fjaetloii of their vtitnee ©lecttons t© e®ft* 
dyctiofi p3?0e«$s®s, m that thty int^oiueed both holes m4 
#l®6ti®n't as is th@ ws® f#!" ir©n*<4®p«€i geraiaaium(%). 
B©th the Htli data and resistivity 4tt.a fave rise to tm 
activation efie^rfl#s| ab©v# 67S®K th© sleptf @f th# mmi» 
iogarithmia plots mm ntajtly twi$® as gwtt as the slopes 
fox th@ - 67S®K intexvil* Th« arsiistivity in ohm*»cia. 
was fivtn fey 
• *0006f4 8xp C.43/2tf) 500®K < T < 6?8^ K C8a) 
/» .000121 exp C.64/akT| T > 67S®iC •. (83) 
j/t 
8el#w 67S®K,, vijcitd as exp(.4?/akT) and, ab@v« 678®K, 
as @xp(,6g/2ii:T)» The.ia»plictti#ns ®f th«se resylts mm that 
- S/t 
at hifh teapesitwEts the a^ bilitieg- v«'3ci«d as T ' and that 
the tntrgy fotad s#pay«tl©n was «62 » «v,. 
Qf 1®9 iJ?T ) versus l/T shswld have fivtn th« energy band 
separati®n* CQfisttnts dete»ined gi-aphieally by fitting the 
data t® cwrves ®f the f^ m 
M th® mobilities aetwslly varied as T q/2 then a pl®t 
(84) 
tr® fiven in Tables 10 and 11 
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 ^ Tabi® 10 
Sraphically i«temiiaed reslstivltf 
pairaaeters for MgfQe (500®K < T < 67S®IC) 
; Q B'' Bf* • Ew 
• 
' ) C<ih»-<?ia) Cev) 
0^ 4fa ,27 
1 • ia3 -2 *M 
Z 2.8 X 10 ,37 
• 3 7.0 X. iO-t 
4 1.7 X 10-? 
 ^ 4.3 K lO'i 
6 1.1 5C 10-^  
Tabl® 11 
•©raphictlly d#teimift©d ttsistivity 
•pti-maeters im HffOe CT > <S7BfK) 
q % - % 
C^ «AT ) (.©ha-ca) (eif) 
0 13.7 .42 
1 .28 .49 
2 4'*6 X 10*^  .61 
3 1,2 sc 10,* .64 
4 3C IQZt .71 
5 
6 1.1 K 10' ® :ll 
lOf 
fh# in TabieeJLO m4 11 «« givtn t® illystsat® 
th® iftfl*i«H€« #f th® t®iip®?«tw3re 4®fi®fid®iie® @f th® aiebllities 
th® d®t®jf«4fi®ti#n of th# ®a®apfy feani s®f>»j?®t4®n.. 
Ill th®' »«gl©is, b«l#w .678*IC th® jr«swlt® aty ha ®xpltin®4 
at f®ll@wti.- th® iwti-insic ©«»i«» itnsity was ©wrtakifif th® 
i«l>wrlty ea»i®y i®ii®lty a'-n^  th® rat® ®f ehanf® ®!' th® Mali 
€#®ffiei®nt was ntt 4iiii«ati¥® ®f th® irat® @f, 6ha«f® ®f 
€aapt4®f €#iie«nt.yat4®B« • th® aohiiitl®® w®^ ® 4®ei?«at4iif ®l®wly 
with tai^ afatwje® •«© that'th® iiifinane® &t iapiweity ®i«®ti?@iis 
wa® e#ii.si4®taM« aiii th@ttl4 hav® h®®ii tak®® 'int® a®«#:iiiit in 
th® ®xp.f«®$i®ft im th® ,^ «s4stivlty# 
'^ ®¥® 678*11 th® mebiiiti®® ap|>ai?®ntly mm i®63r®a«4ng 
a® X*V® S4R€® this i®p®wd®«e® mm y®«p4rei t© «ak® th® r®» 
sisti^ ity 4ata antf Kali tfata <s©nipatihi@* 
?h» ability eiijnre #®f T<45§*'IC, «^ ®a ®iEt^ ap©lat®i t© 
10Qa»K,. gav®^ J| C1000®K)^JJ « 47 ««Vv®lt*s®e# The mtm* 
p®4at®i lall »®bility 'eaiw® ab#v® 0%^K fav®^ (1-000*10« 
27 •e»Vvolt-®@e. the »t4® 
(1000-K),^ „ *7 . .57 
/in ClOOO'Wjn 27 
ts by i^ wati©!! 4f a -jaiigh «®a#«® ©f th® a^ntity Cb- i)/b 
sine®ClOOO*IC)#x »h©«M b® the Hall ®l®etMn ii@bil4ty. 
Fjr©m this it was d^ ®i«®ed that im ^ gfe b > 8»5* ti«ee the 
Hail «l«eti?@ii -ability at lOOO*^  is f>3e@bably lest than the 
®Ettap©late# valii® if i«i®ei it va«i«« a® T*V® ®t hifh®* 
te«is®i?»twaf»t, the valy® 2*f is psebably 'a !©*»« li«it f®r th® 
wobiiity rati©* 
liO . 
VIII.' DI^ USSICM 
Bysch m4 Winkltr (Sj 9| 10) pwviewsly studied MgfSi 
and Mg8©@* presented an analysis different frsia that 
fawrtd h«are» For b©th e©inpo«nd® (and als® feir they 
-• §/n 
observed thaty^  ^decreased as T in th« intrinsie region. 
They assyroed that th# eltetron and h®l# ia©feiliti#s varitd in 
the same laannerf tti®ir data then l»pli#d tnergy fo^ nd separa­
tions .of ,77 f©r MgtSi and *74 «v for MgaGi®. If th« 
•*l/i 
wobilities varied as I ' , their data th#n iaplied energy 
band stpurations of *70 ev for MftSi and .62 #v for Mga6@. 
In eoaptrison, the results of this investigatio-n gave tnergy 
fetnd separations of ,48 m for IffSi and .63 for Mga©®, 
In m mf ean th« tm^  results for KffSi b# reconelledj but 
th® afrstraent for Migde is good* They obtained Htll oobll-
Ities abov® 500®IC wliieh, tsld# frora th#ir slopes, agreed with 
thos# obtained in this inv®stig»ti©n» 
'Bumh and linkltr (8) sttted that their dtt® wer« for 
polyerystillin® sa®pl«s. flow«v®r, th@ii' ability to reproduca 
th@ir resylts indicated that the effeets of grain boyndarles 
and possibl# eiite^ etie inelttslons w@r« Indeed small# The 
staples ws®d for this investliation w®re single crystals. 
Generally J data for slnfl® crystals are laort consistent and 
indleatlve of the- intrinsic nature of the materials. Ho-wevtr, 
strains in tht cryst«i-s and msfm® oxidation eould -affect 
th® results for single crystals# 
Ill 
Bi® ®is®ntiil fr®s« tti« results of 
this in¥©»tifati©fi tnd these •©£ ftageh and tinki#r it that in 
this investifition a larger tatrfy f«p w#» f®'*4-iid f#r MgfGe 
thin f©r *ftS4,. €#ittrary t@ th# findings ®f iutch and tinkler. 
Bit He!ting p®int is-43f«'0 »b®v# th« MgtQt-CS© ««t#©tiej 
hyt tht MflfSi ii®ltini P®int is ©nly 150*C ah©vt th« MffSi-Si 
«ut®€tie| this indieat«s that is mm sitr©n®ly fo®und 
than This tr@nd ii^ li«s that llQtC w®iild b®. relatively 
iinstatol®, a.nd ind««d,. ¥©§•! i$f). was an«blt t@ pr©dye® tny 
f@r»iti®n ©f MgfG, It. is n©t wnr#at©nabl« t© ®}ipe€t that 
th®' binding in is ®tr©n9@r sin®« th« «f-0® b@nd sh®yid 
haw a l»rf«r h®t«r®p#l«r.-®#ntribMti®n than the MfSi, bond.» 
if, ind#®d, this is th# th« peritdie petfntial in MffSe 
«h®«ld be a0r«' rapidly: varying than in MfgSi and th® energy 
band s«pariti#n- sh®«id b« Itrgtr* Ih® aweh »asll®r tnergy 
gaps ®f iif,g:Sn, tnd ae®®wnt®d f@r by th®ir appr®-
ci#bly larf®r intertt®mie tpteinfs which sh®«id- r«twlt in 
lart® refi®ns f®r t^ ieh the p«ri@die potential is si@wly 
vftrying# i®lker (If) diseased the«® efftets f©r th® @r®up 
¥0 c®«po«nd®* 
Sine® th® Has®#® ®f ««fn«si» and «iiie®n at®tt« differ 
@nly slightly Cat®«i€ iweifht ©f .1% * 24*,32| at®iai® weight ®f 
Si « 2iS.06)s th« infla«net ®f ©ptieal ®od«s sh@«ld b® slifht 
ynless th® bindinf is »ppre®i®bly h®t®r®p®lar* H©wever, th® 
lifht -stoffls ®h®«id ®asily b® indii€«d t© vibrtt® and ® l®w 
«l®ctr®n ability sho-wld b® «}cp®«ted* fh® evidence- ®f thi® 
lit 
investigation was that the th^ 'tory ©f scatterl'itg by acoystical 
«od®s ea,n essentially tccount f@ar tht tewpti-atuiet i0pend.eniC® 
of the ele€t»ni aobilityj althoygh waves aay play 
a small jcol#.* 
In th© case of th« aassts of the' coftstitytnt atoms 
'foy a factor ©I ttott Ctt@«ic m&m of 0« » 72.60)1 th® 
av«3ra§e atomic ®®ss is. iaxi#!" thaa in tht cas« of MfgSi, and 
electron soatteyinf by «eoysti«al wtvts sthowld bt l®s©« 
.However, feetsTOpolir bonding p,3rob«biy is ii®^ @ pTOOounced in 
Mi'jGe and seatt#irin9 by polaxizatioiK wave® sboyld be an i»-
po^ taftt factot# Th® aresults of this iuvestifation mm that 
se.atte.rifif fey theatl vibrations tes\ilt%4 in esseatiilly the 
si«e mmm' tleetioa »©biiiti#s for MgfSi and 
MggG®, • However, the tsfflpeMtyft dtp#iid®nees of the aobilitits 
indictttd that -at irooia ttmperstwr® icattering by aeoustical 
waves was domintnt in. MffSij but that scattering by polari­
zation waves lmmw&4 thf roow %9tapmm%m9. aiobility of Mfg6# 
below that to fe$ ©atpeetsd froa soatterin-f by aeowstical waves 
alone. At 10QO'®iC it wm estinated that MffSi w®® 
t S 
abo«t 3S oa /volt-sto mA im W9a®®t «b©wt 40 oa/volt-s-tef 
thit is ia qpaaiitative agreeaeat with th# aittioipated b@* 
havior.. Aotwally th« 'ffiobility ratios should vary tppro'Xi-
aattly iavtrs@ly with th# avemg# ato«ic jmass.* This «tyid 
r.@®yit i.R 
i/^ hxQiSi 24 
.1.. m>nm» 
y<^ MgaGe 39, 
 ^,.6 , (85) 
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C0«pared. t© the estlmatedi ©xperimantal valu© of 3-^ 4-0 « .8. 
fmm m#asur®»©nts of th# tb#x«otleeti:4c power of M§gGe 
tgalntt <$op|>sr., lusch and Wlftkl®r (10) founi that 
b " 5 f^ r M.0t<3e«. The results of this investigation 
iiapli^ d that h >2.5 for but that b ^  1*.,3 f©x Mg^ Si, As 
was pointed o-ut by Walker CiO), th@ Kfttgnitudf of the h©tero-
polar biniiftf uontribution is r«lat®4 to the aobility ratio| 
for hofsolo'sous stries of 'Qroup, Illl •- ©roup Vi compounds 
l0lk@r obstrvtd that b was largest for eoapounds which had a 
slifht het#ropolar nitur® compared to thos# which w«re essen­
tially hoaopolsr or appreciably h#teixipolar. 
In th« €«$a of the tin atoms tre quite aassive 
and th® theawally induced lattict vibrations will have waller 
aitplitttdes. Sniiil anplitudt polariiation waves in polar ma­
terials reduct th® electron »@bility considerably, but tht 
effect of the high atonic mm- {llS,7) of tin ^ uld be to 
laakt th« ehar«ct#rlstlc te»p#rature for optical modes in 
MggSn relatively hifh. Thus at mm t@«perstur« and below, 
electrons in Mf tSn sho^ uld be scattered priaaarily by acoustical 
waves and the ©Itctronic laobllity should b# high, probably 
twic# ts great as in M9tM,# ilunt, Frederikse, and Hosier 
(4) r@port@d that at liquid nitrogen temperature th® electron 
2 . 
fflobility in Mfa^ n in 3300 ca /volt-s#c., a value s@«@ four 
tiiaes as large as was found here for MfaSi, They found, how-
®v@r, thit th® Hail mobility vari«i^  ts T btlow j^ om temper* 
ature. 
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It appetJrs that the .|K e©®p©Mii4» mil suittci t® • 
t®«ti»f m4 %hmwlm ©f the m«m pMth i&f 
aat««ial® iiit®»«iiite tettwstfl stirietly A©ttl€ typ«s «n«4 
stjrletlf mmlmt typ-@s# Wm thi» ®f the «ao3e« 
tot«ir«sttiii a-^ .tets ©f Mf^ I. e®«pt«iiis fm further study 
it th«- ¥ai'iitti#a tmm t# in tli« fiatws# ©f 
th« s#ttt»iring ©f th% Hit aptsults m iMw ©btainti 
ini4i©at« that seattts-iiif tey p#la«iiati©ii waves pt©to«toly is 
G©ii|»iril>ie with ie#»$ti^ al seatt«X'in9 ift tli$se i^ ©aip©uiiis« 
f® tti# Kail a»teiiity i«t«, ,ia®afii3f««#nt» ©f the 
spt-eifie it®tt$ m fwrnU^ m @f t®ap®»at»3?@ f©* thm% ©©^ wfids 
I)# tk«' specific k#tt ^»i-itate««iits ih©«li en« 
sbie a i0tf»i#ti©» t® to© ii#i» #f tlie a€ti¥» lattie# vibrati@ft«i 
»©4«s «t taeiJ t«ffl|i#»tw#* 
Aii©th«ir f'te-tt^ r^ irtiieli a«y contribute t© th© «l«©tr®n 
»@feility in tli#«e e#iip®uais is teittetinf hf mttmt lattic# 
»it«i it high t#iip#rat«r«, fm tti# €t©up llli * Qr©wp W 
mmprnMs th© «vii#ii©t is (60) that vtet«ei®s mm n©t ii^ or-
taat* This peint, »ei?its, att#iiti©ft iw futui?© 
.stu4i#i» 
iijTf-et «vi4@fte« f@'S th« «©teiliti«i ©f h©i«# in "fe© 
©©mp©ua€.s li©©n ©bt®ift#ii* faytieuXa* eapliasis •sli©uld 
fee pla©@i in futuar© stiiiiies upsa ftiueinf i©i*©# impuicitf 
t 6 *• J 
4®«sities t© l««« than 10 6a a© tii«t tiiei «.e©©pt©^  .im-
t i "I 
purity 4#iisiti#s @f th# ©si.«r ©f 10 m '• w^d'Uli i.©t#»iii® 
the b©,liavi©j? ©f th« i®«t«riils. OiJr®st 4ata f©!" th© -hoi© 
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ittisibliities eowld then b© obtained. 
If the tewp®rat«r# depeniences-©f the mobilities and the 
eiectTOn to h#l® a»©bllity rstio^s fm th&se c©ap®«ndt eoyld be 
definitely ttttbllshtd, th®n'»#S'e reilafol# d#t®»iftatl©ns 
c@«ld be ».td® fQJT th#i3e energy band separations. The ®ptieal 
absorption spectra f©r thts© e©iap®wnds muM als® be &f valye 
in d®t«r«ininf th« »aignitydts and ais^ @ the variations with 
temperature @f the -energy §aps. 
Tabl© It suwiarizes sow® ©f th» results for th# MggX 
coaipo-unds. Also included, for eoaparison, tre -s@at results 
for th® r^oup IHi*0roup W eoapounds. In figure i? tr@ 
plotted th# intrinsie retistlvltlts of th® compounds and 
of the series ZnBbf iaSb, and Th# eurvts for MfgSi and 
Mg^ Ge marked with an asttrisk w@r« from, this investlgationi 
the other ourvts for th©se eompounds wt.re taken fro« Busoh 
and finkltr (10). Curv## for I.n§b (?), <3a'^  (5)., and Al^  
(3) w®re inoluded to afford an id«a of how th« M§gK eowpounds 
ooapart with th« <Sro«p IIli-Qroup ¥i o©.iipeunds» .It is seen 
fro» this figure thtt the MggK compounds covtr about tht samt 
ranf#-® of resistivity as th« other «o«poundt. 
An int#r#sting tople r®-q«irin§ further study It th® be­
havior of varlo-us ifflpuritles in th© MftK otspounds* Th# data 
of this invtstifttion .laplitd th.it In .MffSl copper and sliver 
s«rve as donors and- that. In MgjGe tmnsitlon elements serv® 
as do-nors. Tht efftots of Impurltlts In f©rmani» have been 
•exttnsively studied* Ounl-ap (If) reported that gold -serves 
as an tee-eptor In 9@ni--anit»| Morin -and Malta (35) found that 
TaW# 12 
Goatp^ arison of results for soae semlc&ndmtlng Interwetailic c©ap©y.nds 
C©iip©«.f»d y^ree fm electrical data. :Eii#rty 
f Z  
 ^ft 
at 300*^ 








llg-tSn aQij®rts©o and Uliiig (4?) .26 . 6.76 77a 
Byseh and Winkler ClO) .36 aio 1,4 
MftQe Busch and•tinkler (10) .74 (530) 5 6.38 1115 
This investigation .63 • 146 >2.5 
MifSi Busck a»d inkier (10) m- 6.34 lOfO' 
This investigation .48 m /^ i.3 
»@lk#r ^ 60) .27 9^3 523 
Br«ek#nridge, @t,'al. {?} .23 29 6.47 
InAs l^k@r (60) • 47 230CK) 230 6.03 936 
InP Welker (60) M-m 5.2 5.S6 1070 
G%m W®lk«r 160) .8 
.78 
4000 6 6.03 . 720 
Blwntj 9t» al. ($) 100 5.5 
Mm Welk&T (60) 1.6 m 6.03 1080 
ilyntj et. al. (3) 1.6 35 (0..25) 
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TEMPERATURE (®K) 






.001 .003 .002 .004 
Figure 27. Intrinsic resistivities of some semi­
conductors; curves denoted by 
are from this investigation. 
liS 
cupp®* gme sLm t© an a-eeept®^  level .04 m afeov# th« vai-
e^,iie© -fe-tifii. In- feimaiiitM ima acts b®tti #« an aeeept®!- «ri^  i 
<i#a#if ae€®i'4iiif t© fyl«x ani. Il@@iiiwy i%)§ they f»yfi4 an 
imm iQ-n®!? Itvel ,17 fetitw tii« eondyetitn hmm4 and in i^ on 
mceptm Itvsl ,.34 th«. iralents band. In the MgtK 
e©®ip®winiS| as w-t p©.liit«d Mpmitlm t«eh, as 
mppm, sliver, •m4 i®i4„ sli^ Mld mwm as 4mmM If thty ®iit«i? 
sytostltwititwlly int© -th# lattie## IIII and '®e®«p W 
which., iiav# e#v«leiief wtiili-'ptototWy 
t*i»stit*it|.©.fl«l.ly fftpla©.® Si, -©e, m- ^  iii MfgK e©ap@«iids| 
the 6«>up IIIB #le®ents C-M.^  ©a, In) then tet teecptors 
m4 th« Gr®up W ®l«««ftts (P,' As, d^ wart., Jttst.ns th@y 
«»« in .siHe@ii. m4 $9mmivm,/ Bmrnm^  #f ttet esi^ ll* 
ea%«i electronic configurations #f transition 
tij«.i.r ftinction as ii^ urities is iiffleult to pr#iiet by tht 
Qtttlitatiwt ai-fwatnts wsi for .other eisnAnts# 
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IX. BwmAm 
Singl# xxysttls of MftSi ani Mfjae, #f high pufityj ©n 
th© of 1 X I m X 1 e» ifi ®iz,® mm. ®fetain®d, and 
measttreatfits wem »a4e &f th&lt eleet^ ical risistivitits and 
Hall e#effici©fits in th® t#ap#i'atur# xaiif® 60®IC -» 1000*'H»' 
Soth cofiap#.tt)rn4s b«ha¥ed typically as ©^ eess ispwrity s#ai* 
e'©fid«ct©3?'S snd ©Mhibittd appateat intrinsic c©iid«ctl#n aiaovt 
450®IC» 
F©r MftSi an #i*#i?gy band st-ptrttioft' of .•4S ev was de* 
dacedj and fm -Mfid# an @iie,iegy band stp«3rati@n ©f .63 ev was 
fo.and* "Hh©' ia©biiiti®s of ei©eti!?#ns In b©th eoaptwuds were 
t I 
about th# Stat Ci67 fe® /v0it*s#i! f@i? MgaSi ind 146 M'/wit'-
Bm f'@r MfiS# ^ at: 300'*-K), but the ttapefatyi-e dep«f»d«ii€e of 
aobility mm 'different fei- th# tm c©ap©y«ds. Th# evidence 
was tlmt ®.l@<st»n seattt^ inf by aeoysticai «vts la,3pgtiy d«-
t@»ifi«d. th# @lt6tx@n a®b4iititSs bat that polarisiation 
seattesing alt# was @f ifl^ #tanii#» p^afently, pelarizatiQH 
seatt@irinf wa® mm pronoiinetd in «SiSe thtn in MgfSi. 
A quantitative intesp.ret-atlon of the data f#r MgjSi wa« 
-3/t 
fiven by ass'iaiifti that the ei#ctr#tt aebiiity varied as T 
above i^ oai teaperatyi-e. Ih« analysis yielded 1.3 fo3^  the 
electren to hole mobility i?ati®, Cl»S}ii fosr th® effectiv© 
©lectxon mm9f and C2...Q)iii f« tht eff#ctiv® hole ai«si#itr@ 
ffl is th@ free ©lectin «a»s). 
im 
The aoi-© coiaplicated teaperatyre dependence ®f the 
mobility in th@ ease ®f MggQ© did n@t allew the saw® quanti-
tati¥© analysis to b#,i9.ad# f#r it ts was mude for MfgSi, 
The ffiobility data. fO'ir fIftS® didj indicate an electron 
t© hole iwbility ^ atio fitter tha,ii 2.5. 
Hit' behavior ®f Mgg$i .tnd lf|€e mm satisfactorily ac-
e#ttwttd im by tli-.® th#®ri@s dt¥@l#p®d im .©©val&nt tl.tro®ittal 
seaic®«d«etors if .settttrings by p#la.riz.t.ti®ii. waves @ls@ was 
tak«n irtt© aceowirat. Ihem ©©mpoafids eertainly exhibited 
eharae.t©ristiet whieh iadietttd that further study of them 
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Dependefice 7^  m L 
/^ I^ L Ci^ )Ai^ i-^ l//^ t) nru%^'iUm) 
0 10 1 1,93 
.0150 .953 .0143 1»03 l.i3 
.0334 .931 .0218 1.05 l.?9 
.0306 .917 .0281 1.06 1.76 
.0417 .888 .0370 1.08 1.70 
.0'6 • .852 .0511 l.ll 1.64 
.835 .05S4 1,12 1.61 .07 
,08 .817 .0653 1.13 1.58 
.09 .802 .0722 1,14 1.56 
.1 .787 .0787 1.16 1.54 
.2 .670 .134 1.24 1.40 
.1 .593 .17S 1.30 1.31 
.4 .535 -214 1.33 1.25 
.5 .488 .244 1,37 1.21 
.6 .452 .271 1.36 1.18 
.7 .421 .295 U40 1.15 
.8 .395 .316 1..41 1.14 
.9 .372 .335 1.41 1.12 
1 .35a .352 1.42 lai 
2 .236 .472 1.41 1.07 
3 .181 .543 1.38 1.07 
4 .148 .5ft 1.35 1.07 
5 .126 . 62.8 1.33 1.08 
6 .109- .657 1.31 1.08 
' .0971 .680 1.29 1.09 
.0874 .700 1.27 1.09 
9 .0796 .716 1.26 1.10 
10 .0731 .731 1»24 1.10 
20 .0407 .813 1.17 i.ia 
30 . 0284 , 852 1.14 1.14 
40 .0219 .876 1.11 1.14 
50 . 0178 . 892 laO 1.15 
60 . 0151 .904 1.09 1.15 
.0131 .913 1.08 1.15 
.0115 .fai 1.07 1.16 
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Variation ©f room temperature 














,.033| t.80 ,0664 5.69 
.0338 5.76 a|9 5.79 
.0331 7.78 .184 5.67 
.0338 8.76 .209 5.71 
.0338 9.23 .219 5.67 
.0338 9.67 .230 5.69 
.0338 9.98 .238 5.70 
table 15 
Variation Qf xmm teaperatwr# 














.100 3.80 .771 • 11.9 
.100 6-.43 1.34 12.1 
• .100 8.30 1.72 laa 
.100 9.15 1.90 12.1 
.100 9.94 2...06 12*1 • 
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Table 16 














































































Resistivity and Hall coeffisi-ent 

















61.5 16,26 .03315 23.6 711 
63,9 15. U .03134 23.2 728 
68.6 14.58 .02976 22.2 747 
72.6 13.77 .02828 21.5 760 
79.9 12*51 .02630 20.2 769 
S7,a 11.47 .02489 19.3 776 
93.9 10.66 .02393 18.4 768 
104.3 9.589 ,02321 17.8 768 
112.6 8.880 .02288 17.3 755 
iai.,7 8.218 .02279 16.8 739 
135.2 7.399 .2303 16.3 708 
13-6.5 7.326 .02315 16.4 699 
14$.4 6.878 .02337 15»6 669 
l^ a.,2 6.571 .02362 15.2 644 
154,7 6 #463 .02373 15.0 633 
162.5 6.156 .02402 14.4 . 600 
iSl.l 5.522 .02460 12.7 515 
194.3 5.147 .02489 11.4 459 
201.5 4-, ^ 63 .02503 10.7 428 
211.5 4.727 ,02525 9.91 . 392 
224.4 4.456 .02557 8»85 346 
241.5 4.141 .02618 7.82 299 
246.3 4.060 .02629 7..64 291 
249.0 4.016 .02652 7.44 2SI 
257.1 3.890 .02693 7.09 263 
273.2 3.660 .02793 6,55 235 
300.0 3.333 .03007 5.fl 197 
r&hu 18 










287.5 3.478 6.30 
m?*? 3.476 6.3A 
296,4 3-. 374 6.10 
, 30fa 3.277 '• 6.01 
63A.2 1.502 1.49 
650.0 L.53F I.A.2 




Resistivity awd Hall eo«fficitftt 






























































.02670 5.47 205 
.03130 5.19 166 
.03257 5.05 155 
.03470 5.03 145 
.03S49 4.89 127 
.04537 4.57 101 
.04692 4.58 97.7 
.04788 4.53 94.6 
.04776 3.92 82.0 
.04585 3.31 72.2 
.04531 3.29 72.7 
.04195 2.76 65.9 
.©•3582 2.08 58.0 
.02700 1.18 43.7 
.02419 • -
.02276 0.947 41.6 
.02217 0.879 39.6 
.02020 0.790 39.1 
.01345 0.362 26.0 
.01300 0,338 26.9 
.008215 m * 
.008220 m. • 
.008122 0..221 27.2 
.008013 0.074 19.2 
.00489 .«* « 
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Table 30 
Blmtmn m4 holt ^ entities f@r MgfSl 
Temperature Intrinsic h©le$ Ifopyrity 
and eltctrans electrons 
























3. f K 
i.i X 
5.93 X 
1*75 X 10 






3.81 X 10, 
..16 X 10 







































i  9  
4.1 X 10'! 
4.9 X 10^  ^




1.25 X 10'® 
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Tabi® 21 
Eeslitlvity and Hall coefficient of Mfgde 3A 































































































































































































Resistivity and Mall c#«ffici@rit ©f -MgjiGe 3A 
at hlfh temperatyi*@s 
,Recipr@ciil fttsistivlty Mail Hall 
atui'® tt-apei-atuft so-efficient awbility 
T 1000/T /'H 
(«K) (€»!»•«) CcmVcoulomb) CcaVvoit*»see} 
297.0 3.367 .08254 14.4 175 
297.7 3.359 .08251 14.6 177 
330.8 3.023 .0955 13.2 138 
370,4 2.700 ,09745 12.6 130 
423»a 2.363 .1051 11.6 111 
45i.X 2.183 .1047 «v 
462.6 2,162 .1016 10.3 101 
485.9 2.058 .09505 7-53 79.2 
490*6 2.038 .09363 7.58 80.9 
513.4 1.948 .08459 7.00 82.8 
553*7 1.806 .05917 4.25 • 71.8 
570.6 1.753 .05324 3.52 66.1 
678»6 1.474 .02628 1.28 48.7 
827.1 1.209 .01053 0,37 35.1 
1014 .986 .00459 * 
'1^  
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D«t« fm lA CHlfh l«n 1) 
M»§mt i«P * i»4f74"t c.hir®®#l-P tl*iaiel thsjaoeeupi# «s««i| 
L • »08i e«, A » ,0083 m f^ t * #081 ea. 







im i»v) Cma) (mw) imv) Crav) imp)  y<v )  
293.0 , *?? 
.77 
44,63 




44,.6t. 14.77 14,82 3.7586 3.7420 






















44.. 04 17.79 17..t3 
4.5105 
4.5132 



























































8.1496 10 ao -203.5 
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7.7660 9.91 -174.4 















457# 6- 15.72 
15.75 
98.62 
fi.60 21.79 21.71 
7.7117 
7.6970 









9.1383 9.42 -81.7 








4.8866 a9.48 -11.8 








































-m • (240) 
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falsi# if 
Sat* f®j? 3A itm Rmr I) 
f«p » 1,0275"? coppeE- mmtmtm i tlh«»»0«#«pl# ys®d| 
L « *211 ea, A s .00988 cm', t •« 
Tgy 
Mm* 










19.90 ^hP' 45.Si 
..fiiO' 
.9693 

































79.64 ^*^¥1 i.ti4f 




















































 ^ .7993 
.7595 







































9I9^ '2 C'CtI 






















65^ 2*t 5'Oil 
012-
€9% t|2fT- 92^ €' 208^ :* 29'If 09*T9 Wtf t6*^ t COOt'C toCfC '^C9T 






























002- Zl*6 |Ct2*T- XM* IX^T $X*Z9  92*29 U*i^ 9i»t2*t 9'£21 

























T^ *9t ®gOT*t» ^ *gOC 
OTg- 19% Oilft-
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0^ *^ t 
T^ '^ t 
tiff*i 
ti©^ n 
(a t / )  (« te« )  <A®) (.m) (A®) (tH) (A«) (1#) 
©t^  6% 
•©s«^  









©His fm 3A CHlfli Rwn 1) 
Wignet gap « t»4f64«| chroffl|l-P alumei the«R@c®iipl® ys«i| 










tm (iBV) (m) Cmv) Cav) Cav) C«^) Cav) 

































1.4105 9.60 3.00 
















































































*9656 9.48 .03 
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Tafoi# 26 mmUnm0 
7~;;  ^lay __ fj^ g. Mtffiti V®o 
i*' Is» Vtf® Vjig® ««rr#iit 
C^ IC) Cwir) C»a) C«ir) Cw) C«v,) t«p) (kv) 
827.1 23.06 156.7 14.70 ,8260 .78S8 9.90 • M 
22.86 156.5 14.83 .8386 
1014 155,5 6.434 • • - .08 












89-97 1.1395 1.1397 
97-102 1.1394 1.1396 
102-108 1.1393 1.1395 
108-113 1.1392 1.1394 
113-119 1.1391 1.1393 
119-126 1.1390 1.1392 
126-158 1.1389 1.1391 
158-168 1.1390 1.1392 
168-180 1.1391 1.1393 








Thenaocoupl® #«f to temperature e®iiiir«rti@n ttfel# used 
wasthat given in Leeds and Morthrup Standard Conversion 
tables (Standard 31031),pp. 14-15. For teoaperature T« in 
conversion table correspondinf to a given thern^oouple #»f, 
actual temperature was given by T » t« -»-AT, Values of AT 
were read f3^» s graph of straifht lines sonaeetinf point# 




. 1 2.4W4> 
1.00 1.626 «» 
2.00 3.315 1.283 3.00 4.878 
4.00 6.310 2.588 
5.00 7.405 •m 
6.00 8.128 3.665 
7.00 8.733 
a.oo- 9.215 4.3ii 
^,00 9.645 m 
10.00 9.983 4»82$-
a 
Mdffifit current measured by a Westoa precision aim@t$r| 
i®ti€ field calibrated with t Rawson natating coil flmx" 
m* Calibration was by ©• 0. Wsrden and ©• a#din. 
